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HEAHING CHARTER 

COMMITTEE ON SCIENCE 
U.S. HOUSE OF REPRESENTATIVES 

Science, Technology, and Global 
Economic Competitiveness 

THURSDAY, OCTOBER 20, 2005 

io:oo A.M.-i2:oo p.m. 

2318 RAYBURN HOUSE OFFICE BUILDING 


1. Purpose 

On Thursday, October 20, 2005, the House Science Committee will hold a hearing 
to receive testimony on the report released by the National Academy of Sciences on 
October 12 entitled Rising Above the Gathering Storm: Energizing and Employing 
America for a Brighter Economic Future. The report, which was requested by Con- 
gress, recommends ways to strengthen research and education in science and tech- 
nology. 

2. Witnesses 

Mr. Norman R. Augustine, Retired Chairman and CEO of the Lockheed Martin 
Corporation. Mr. Augustine chaired the National Academy of Sciences (NAS) com- 
mittee that wrote the report. 

Dr. P. Roy Vagelos, Retired Chairman and CEO of Merck & Co. Dr. Vagelos 
served on the NAS committee that wrote the report. 

Dr. William A. Wulf, President of the National Academy of Engineering and Vice 
Chair of the National Research Council, the principal operating arm of the National 
Academies of Sciences and Engineering. 

3. Overarching Questions 

• What are the principal innovation-related challenges the United States faces 
as it competes in the global economy? 

• What specific steps should the Federal Government take to ensure that the 
United States remains the world leader in innovation? 

4. Brief Overview 

• While the U.S. continues to lead the world in measures of innovation capac- 
ity — research and development (R&D) spending, number of scientists and en- 
gineers, scientific output, etc. — recent statistics on the level of U.S. support 
for research relative to other countries indicate that this lead may be slip- 
ping. Overall U.S. federal funding for R&D as a percentage of gross domestic 
product (GDP) has declined significantly since its peak in 1965, and the focus 
of this R&D has shifted away from the physical sciences, mathematics, and 
engineering — the areas of R&D historically most closely correlated with inno- 
vation and economic growth. 

• At the same time, other nations — particularly emergent nations such as 
China and India — have recognized the importance of innovation to economic 
growth, and are pouring resources into their scientific and technological infra- 
structure, rapidly building their innovation capacity and increasing their abil- 
ity to compete with the United States in the global economy. 

• In May 2005, at the request of Congress, the National Academy of Sciences 
(NAS) began a study of “the most urgent challenges the United States faces 
in maintaining leadership in key areas of science and technology.” NAS as- 
sembled a high-level panel of senior scientists and business and university 
leaders and produced a report in five months. 

• The NAS report offers four broad recommendations: (A) increase America’s 
talent pool by vastly improving K-12 science and mathematics education; (B) 
sustain and stren^hen the Nation’s traditional commitment to long-term 
basic research; (C) make the United States the most attractive setting in 
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which to study and perform research; and (D) ensure that the United States 
is the premier place in the world to innovate. (The executive summary of the 
NAS report is attached in Appendix A.) 

• The NAS report also describes 20 explicit steps that the Federal Government 
could take to implement its recommendations. The report estimates the total 
cost of these steps to be $9.2-$23.8 billion per year. 

5. Summary of NAS Report 

In May of this year, Senators Lamar Alexander and Jeff Bingaman, Chairman of 
the Energy Subcommittee and Ranking Member of full Senate Committee on Energy 
and Natural Resources, respectively, asked the National Academy of Sciences (NAS) 
to conduct a study of “the most urgent challenges the United States faces in main- 
taining leadership in key areas of science and technology.” In June, Science Com- 
mittee Chairman Sherwood Boehlert and Ranking Member Bart Gordon wrote to 
the NAS to endorse the Senate request for a study and suggest some additional spe- 
cific questions (the text of the Senate and House letters are attached in Appendices 
B and C). The study was paid for out of internal Academy funds, and NAS released 
the report on October 12. 

The Problem 

The NAS report begins by describing how science and engineering are critical to 
American prosperity. Technical innovations, such as electricity and information 
technology, have increased the productivity of existing industries and created new 
ones and improved the overall quality of life in the U.S. The report then examines 
how the U.S. is doing relative to other countries in science and technology today — 
looking at indicators such as science and engineering publications, R&D investment, 
venture capital funding, and student proficiency levels — to see if the U.S. is posi- 
tioned to make the next generation of innovations needed to maintain U.S. competi- 
tiveness and security going forward. 

“Worrisome indicators” outlined in the report^ include: 

• The United States today is a net importer of high-technology products. Its 
share of global high-technology exports has fallen in the last two decades 
from 30 percent to 17 percent, and its trade balance in high-technology manu- 
factured goods shifted from plus $33 billion in 1990 to a negative $24 billion 
in 2004. 

• In 2003, only three American companies ranked among the top 10 recipients 
of patents granted by the United States Patent and Trademark Office. 

• In Germany, 36 percent of undergraduates receive their degrees in science 
and engineering. In China, the figure is 59 percent, and in Japan 66 percent. 
In the United States, the corresponding figure is 32 percent. 

• Fewer than one-third of U.S. 4th grade and 8th grade students performed at 
or above a level called “proficient” in mathematics (“proficiency” was consid- 
ered the ability to exhibit competence with challenging subject matter). About 
one-third of the 4th graders and one-fifth of the 8th graders lacked the com- 
petence to perform basic mathematical computations. 

The NAS report concludes that education, research, and innovation are essential 
if the U.S. is to succeed in providing jobs for its citizenry. 

Recommendations and Steps the Federal Government Should Take to Implement 

Them 

The NAS report makes four recommendations, each of which is supported by ex- 
plicit steps that the Federal Government could take to implement the recommenda- 
tions. These recommendations and steps are provided verbatim below; more details 
on each step are available in the report executive summary in Appendix A. 

10,000 Teachers, 10 Million Minds and K-12 Science and Mathematics Edu- 
cation 

Recommendation A: Increase America’s talent pool by vastly improving K-12 
science and mathematics education. 

Implementation Steps: 

• A-1: Annually recruit 10,000 science and mathematics teachers by awarding 
four-year scholarships and thereby educating 10 million minds. 


^See pages 18-19 of this charter for the pages of the NAS report that contain the sources 
for these statistics. 
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• A-2: Strengthen the skills of 250,000 teachers through training and education 
programs at summer institutes, in Master’s programs, and Advanced Place- 
ment and International Baccalaureate (AP and IB) training programs and 
thus inspire students every day. 

• A-3: Enlarge the pipeline by increasing the number of students who take AP 
and IB science and mathematics courses. 

Sowing the Seeds through Science and Engineering Research 
Recommendation B: Sustain and strengthen the Nation’s traditional commitment 
to long-term basic research that has the potential to be transformational to main- 
tain the flow of new ideas that fuel the economy, provide security, and enhance the 
quality of life. 

Implementation Steps: 

• B-1: Increase the federal investment in long-term basic research by 10 per- 
cent a year over the next seven years. 

• B-2: Provide new research grants of $500,000 each annually, payable over 
five years, to 200 of our most outstanding early-career researchers. 

• B-3: Institute a National Coordination Office for Research Infrastructure to 
manage a centralized research infrastructure fund of $500 million per year 
over the next five years. 

• B^: Allocate at least eight percent of the budgets of federal research agencies 
to discretionary funding. 

• B-5: Create in the Department of Energy an organization like the Defense 
Advanced Research Projects Agency called the Advanced Research Projects 
Agency-Energy (ARPA-E). 

• B-6: Institute a Presidential Innovation Award to stimulate scientific and en- 
gineering advances in the national interest. 

Best and Brightest in Science and Engineering Higher Education 
Recommendation C: Make the United States the most attractive setting in which 
to study and perform research so that we can develop, recruit, and retain the best 
and brightest students, scientists, and engineers from within the United States and 
throughout the world. 

Implementation Steps: 

• C-1: Increase the number and proportion of U.S. citizens who earn physical- 
sciences, life-sciences, engineering, and mathematics Bachelor’s degrees by 
providing 25,000 new four-year competitive undergraduate scholarships each 
year to U.S. citizens attending U.S. institutions. 

• C-2: Increase the number of U.S. citizens pursuing graduate study in “areas 
of national need” by funding 5,000 new graduate fellowships each year. 

• C-3: Provide a federal teix credit to encourage employers to make continuing 
education available (either internally or through colleges and universities) to 
practicing scientists and engineers. 

• C^: Continue to improve visa processing for international students and 
scholars. 

• C-5: Provide a one-year automatic visa extension to international students 
who receive doctorates or the equivalent in science, technology, engineering, 
mathematics, or other fields of national need at qualified U.S. institutions to 
remain in the United States to seek employment. If these students are offered 
jobs by U.S. -based employers and pass a security screening test, they should 
be provided automatic work permits and expedited residence status. 

• C-6: Institute a new skills-based, preferential immigration option. 

• C-7 : Reform the current system of “deemed exports.” 

Incentives for Innovation and the Investment Environment 
Recommendation D: Ensure that the United States is the premier place in the 
world to innovate; invest in downstream activities such as manufacturing and mar- 
keting; and create high-paying jobs that are based on innovation by modernizing the 
patent system, realigning tax policies to encourage innovation, and ensuring afford- 
able broadband access. 

Implementation Steps: 
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• D-l: Enhance intellectual property protection for the 21st century global 
economy. 

• D-2: Enact a stronger research and development tax credit to encourage pri- 
vate investment in innovation. 

• D-3: Provide tax incentives for U.S. -based innovation. 

• D-4: Ensure ubiquitous broadband Internet access. 

Costs of the Recommendations 

The NAS report provides a “back of the envelope” estimate of the annual cost to 
the Federal Government of each of the implementation steps that are recommended. 

• For the three steps in Recommendation A (increase America’s talent pool by 
vastly improving K-12 science and mathematics education): $1.5-$2.4 billion 
per year. 

• For the six steps in Recommendation B (sustain and strengthen the Nation’s 
traditional commitment to long-term basic research): $l.l-$3.4 billion per 
year. 

• For the seven steps in Recommendation C (make the United States the most 
attractive setting in which to study and perform research): $1.6-$3.6 billion 
per year. 

• For the four steps in Recommendation D (ensure that the United States is 
the premier place in the world to innovate): $5.1-$14.4 billion per year. 

The total cost of these steps would be $9.2-$23.8 billion per year. 

6. Issues Related to Specifie Recommendations in the NAS Report and Re- 
lated Questions for the Witnesses 

In the invitation letter for the hearing, each of the witnesses was asked to answer 
questions about the three specific recommendations discussed below. These were 
major recommendations that seemed to call for further elaboration. 

Recommendation B-1: Inerease the federal investment in long-term basie researeh 
by 10 percent a year over the next seven years: Numerous reports and groups in re- 
cent years have suggested doubling federal funding for basic research, as the NAS 
report recommends.^ (The authorization bill for the National Science Foundation the 
Congress passed in 2002 called for doubling that agencVs budget, and Congress did 
double the budget of the National Institutes of Health over the past six years or 
so.) While these reports have included a rationale for increasing federal R&D spend- 
ing, none has explained the reason why a specific level of spending needs to be 
achieved by a particular date. The U.S. currently spends $56 billion annually on 
non-defense R&D, more than the rest of the 0-7 countries® combined. Also, total 
R&D spending (government and industry) in the U.S. has remained relatively con- 
stant as a percentage of the U.S. gross domestic product, indicating that investment 
in R&D has grown as the U.S. economy has grown, begging the question of why in- 
creased federal investment is necessary. (This may be especially true if federal R&D 
is being invested in the same kinds of research as private R&D rather than in kinds 
of research, particularly basic research, that might otherwise be neglected.) 

In addition, the NAS report argues that federal investment in basic research fuels 
economic growth by contributing new ideas that can eventually lead to commercial 
products. Yet recent surveys of industry suggest that companies’ investments in 
R&D have had only a very limited impact on the success of the individual compa- 
nies.'^ What is true for individual companies is not necessarily true for nations as 
a whole; R&D may contribute greatly to the relative economic success of the U.S. 
as a whole, while not being so important to any individual company. (This would 
make sense. Nations stay ahead through innovation, but individual companies may 
have other comparative advantages.) But the company statistics and attitudes on 
R&D at least raise the question about whether the contribution of R&D to economic 


2 For example, the U.S. Commission on National Security in the 21st Century (the Hart-Rud- 
man Commission, Phase III, 2001) recommended doubling the federal research and development 
budget by 2010. 

®The six non-U. S. members of the G— 7 are France, Great Britain, Germany, Japan, Italy and 
Canada. 

'^Booz Allen Hamilton’s Global Innovation 1,000 study was released on October 11, 2005 and 
is available on line at http:! ! www.boozaUen.com. An example of their findings is that companies 
in the bottom 10 percent of R&D spending as a percentage of sales under-perform competitors 
on gross margins, gross profit, operating profit, and total shareholder returns. However, compa- 
nies in the top 10 percent showed no consistent performance differences compared to companies 
that spend less on R&D. 
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success is exaggerated, and how federal R&D investment contributes to overall eco- 
nomic success. 

Questions in the witness letters on this recommendation: 

• How did the study panel arrive at the recommended 10 percent annual in- 
crease in federally-sponsored basic research over the next seven years? What 
other options did the panel consider and what led to the choice of 10 percent? 

• Recent surveys of industry suggest that basic research performed at univer- 
sities and transformational technological innovation have only a very limited 
impact on the success of individual companies. Is the impact of research and 
innovation different for the economy as a whole than it is for individual com- 
panies? 

Recommendation B^: Allocate at least eight percent of the budgets of federal re- 
search agencies to discretionary funding: A number of recent reports have expressed 
concern that the current grant selection system in most agencies shies away from 
daring proposals. The view is that when funding is tight (like now), researchers and 
the peer review system both tend to favor incremental research proposals — projects 
that are guaranteed to produce results — results that are generally in keeping with 
existing ideas. In this situation, high-risk research (especially that proposed by 
young investigators or involving interdisciplinary studies) can be underfunded or ne- 
glected entirely. The NAS report recommends that funding be set aside at federal 
research agencies (and distributed at program officers’ discretion) for high-risk, 
high-payoff research. While such research is valuable, so is the research that pro- 
vides steady if incremental advances on existing scientific questions. In addition, not 
every agency is equally well equipped to solicit and select high-risk projects. Finally, 
even if setting aside such funding is a good idea, it’s unclear whether eight percent 
is a reasonable amount. 

Questions in the witness letters on this recommendation: 

• How did the study panel arrive at the recommended eight percent allocation 
within each federal research agency’s budget to be managed at the discretion 
of technical program managers to catalyze high-risk, high-payoff research? 
What other options did the panel consider and what led to the choice of eight 
percent? 

Recommendation B-5: Create in the Department of Energy an organization like the 
Defense Advanced Research Projects Agency called the Advanced Research Projects 
Agency-Energy (ARPA-E): The recommendation seems to assume that the main rea- 
son the U.S. has not made more progress in deploying technologies that use less en- 
ergy or that use alternative energy sources is that the technology is not being devel- 
oped. But numerous studies have concluded that the primary problem in energy 
technology is that existing advanced technologies never get deployed. These studies 
tend to recommend policy changes to encourage the deployment of advanced tech- 
nologies, as opposed to recommending (or merely recommending) programs to de- 
velop new technologies. For example, a recent American Council for an Energy Effi- 
cient Economy study estimated that “adopting a comprehensive set of policies for 
advancing energy efficiency could lower national energy use by 18 percent in 2010 
and 33 percent in 2020.”® Similarly, a 2001 NAS study on automotive fuel economy 
described numerous existing technologies that could reduce dependence on foreign 
oil, but are not yet deployed. 

In addition, it is not clear whether the DARPA analogy is entirely apt. DARPA 
funds advanced technologies that will eventually be used by the Pentagon. The gov- 
ernment itself would not be the main purchaser of technologies developed by ARPA- 
E, so those technologies would still face existing problems in finding markets. It is 
also unclear how the research that would be supported by ARPA-E would differ 
from that already funded by the Department of Energy’s current conservation and 
renewable energy research programs. 

Questions in the witness letters on this recommendation: 

• Industry and government have both developed numerous energy production 
and energy efficiency technologies that have not been deployed. How did the 
study panel arrive at its implicit conclusion that technology development is 
the greater bottleneck (as opposed to policy) in developing energy systems for 
a 21st century economy? 


^Energy Efficiency Progress and Potential, American Council for an Energy-Efficient Economy, 
no date. 
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7. General Issues 

Overall Federal Support for R&D 

The amount of the country’s overall wealth devoted to federal R&D has declined 
significantly since the post-Sputnik surge in support for R&D. According to Office 
of Management and Budget statistics, in 1965, funding for federal R&D as a per- 
centage of GDP (measured as outlays), also known as R&D intensity, was slightly 
over two percent (Chart 1). In 2005, it is estimated to he 1.07 percent. 

While this ratio has recently begun to increase again, turning upward over the 
last five years, the majority of those increases have gone toward short-term defense 
development and homeland security applications. For example, the Department of 
Defense (DOD) R&D increases alone — most of which have supported development 
projects that have very little impact on innovation or broader economic develop- 
ment — has accounted for almost 70 percent of the overall R&D increases of the last 
five years. Of the remaining increases, 75 percent has gone to the National Insti- 
tutes of Health (NIH) and the Department of Homeland Security (DHS). At $71 bil- 
lion and $29 billion, respectively, the R&D budgets of DOD and NIH now account 
for over 75 percent of all federal R&D. Meanwhile, funding for the physical sciences 
and engineering — the areas historically most closely associated with innovation and 
economic growth — have been flat or declining for the last thirty years. 

Also, the long-term outlook for the federal budget does not favor future increases 
in discretionary spending (through which almost all R&D is funded). Absent major 
policy changes, the growth in mandatory federal spending — primarily for health and 
retirement benefits and pa 3 Tnents on the national debt interest — will demand a sig- 
nificantly greater share of the government’s resources. 


Chart 1. Federal Spending (Outlays) on Research and Development as a Percentage of GDP, 
FYl 950-FY2005. (Source; Office of Management and Budget Historical Tables, Fiscal Year 2006.) 



Shift of Private Sector R&D 

During the heyday of the corporate research laboratory in the middle decades of 
the 20th century, U.S. corporate laboratories supported all stages of R&D, from 
knowledge creation to applied research to product development, and were quite suc- 
cessful in their efforts to nurture innovation. The most notable example of this was 
AT&T’s Bell Laboratories, which grew to be one of the world premier research orga- 
nizations of the last century, developing numerous breakthrough technologies that 
changed American life, including transistors, lasers, fiber-optics, and communica- 
tions satellites. Researchers at Bell Labs and other corporate laboratories were eligi- 
ble for, and received, grants from federal research agencies such as the National 
Science Foundation and DOD, but they received core support from the parent com- 
pany and they conducted basic and applied research directed toward developing 
technology relevant to the company’s business. 
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While overall growth of industry-funded R&D has remained strong in recent 
years, the focus of this R&D has shifted significantly away from longer-term basic 
research in favor of applied research and development more closely tied to product 
development. Because of market demands from investors to capitalize on R&D 
quickly, large corporate laboratories of the Bell Labs model are increasingly rare 
(notable exceptions include companies such as IBM and GE). Instead, corporations 
now focus research projects almost exclusively on lower-risk, late-stage R&D 
projects with commercial benefits, leaving the Federal Government as the predomi- 
nant supporter of long-term basic research. 

Increasing Competitiveness of Foreign Countries 

While trends of support for the innovation system in the U.S. have showed signs 
of slowing, other nations are committing significant new resources to building their 
science and technology enterprises. More than one-third of OECD (Organization for 
Economic Cooperation and Development) countries have increased government sup- 
port for R&D by an average rate of over five percent annually since 1995. The Euro- 
pean Union has recently established a target to achieve EU-wide R&D intensity of 
three percent of the EU economy by 2010. (By comparison, the current U.S. R&D 
intensity, public and private sector combined, is 2.6 percent of GDP.) Similarly, indi- 
vidual nations, including South Korea, Germany, the U.K. and Canada, have re- 
cently pledged to increase R&D spending as a percentage of GDP. 

However, no nation has increased its support for innovation as dramatically as 
China. It has doubled its R&D intensity from 0.6 percent of its GDP in 1995 to 1.2 
percent in 2002 (this during a time of rapid GDP growth). R&D investments in 
China by foreign corporations have also grown dramatically, with U.S. investments 
alone increasing from just $7 million in 1994 to over $500 million in 2000. China 
is now the third largest performer of R&D in the world, behind only the U.S. and 
Japan. 

The increased innovation capacity of other countries is also becoming evident in 
output-based R&D benchmarks. For example, the U.S. share of science and engi- 
neering publications published worldwide declined from 38 percent in 1988 to 31 
percent in 2001, while Western Europe and Asia’s share increased from 31 to 36 
percent and 11 to 17 percent, respectively. Similar trends have occurred in the area 
of U.S. patent applications and citations in scientific journals. 

Education and Workforce Issues 

While the supply and demand of future scientists and engineers is notoriously dif- 
ficult to predict, most experts believe that the transition to a knowledge-based econ- 
omy will demand an increased quality and quantity of the world’s scientific and 
technical workforce. As is the case with R&D figures, trends in the distribution of 
the world’s science and engineering workforce are also unfavorable to long-term U.S. 
competitiveness. 

The world is catching up and even surpassing the U.S. in higher education and 
the production of science and engineering specialists. China now graduates four 
times as many engineering students as the U.S., and South Korea, which has one- 
sixth the population of the U.S., graduates nearly the same number of engineers as 
the U.S. Moreover, most Western European and Asian countries graduate a signifi- 
cantly higher percentage of students in science and engineering. At the graduate 
level, the statistics are even more pronounced. In 1966, U.S. students accounted for 
approximately 76 percent of world’s science and engineering Ph.D.s. In 2000, they 
accounted for only 36 percent. In contrast, China went from producing almost no 
science and engineering Ph.D.s in 1975 to granting 13,000 Ph.D.s in 2002, of which 
an estimated 70 percent were in science and engineering. 

Meanwhile, the achievement and interest levels of U.S. students in science and 
engineering are relatively low. According to the most recent international assess- 
ment, U.S. twelfth graders scored below average and among the lowest of partici- 
pating nations in math and science general knowledge, and the comparative data 
of math and science assessment revealed a near-monopoly by Asia in the top scoring 
group for students in grades four and eight. These students are not on track to 
study college level science and engineering and, in fact, are unlikely ever to do so. 
Of the 25-30 percent of entering college freshmen with an interest in a science or 
engineering field, less than half complete a science or engineering degree in five 
years. 

All of this is happening as the U.S. scientific and technical workforce is about to 
experience a high rate of retirement. One quarter of the current science and engi- 
neering workforce is over 50 years old. At the same time, the U.S. Department of 
Labor projects that new jobs requiring science, engineering and technical training 
will increase four times higher than the average national job growth rate. 
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Industry Concerns and Reports 

Some leading U.S. businesses have become increasingly vocal about concerns that 
the U.S. is in danger of losing its competitive advantage. In an effort to call atten- 
tion to these concerns, several industry organizations have independently produced 
reports specifically examining the new competitiveness challenge and recommending 
possible courses of action to address it. Prominent among these efforts is the Na- 
tional Innovation Initiative (Nil), a comprehensive undertaking by industry and uni- 
versity leaders to identify the origins of America’s innovation challenges and pre- 
pare a call to action for U.S. companies to “innovate or abdicate.” The December 
2004 Nil final report, Innovate America: Thriving in a World of Challenge and 
Change, is intended to serve as a roadmap for policy-makers, industry leaders, and 
others working to help America remain competitive in the world economy. 

Other industry associations that have also produced recent reports include AeA 
(formerly the American Electronics Association), the Business Roundtable, Elec- 
tronic Industries Alliance, National Association of Manufacturers, and TechNet. 
While the companies and industry sectors represented by these organizations varies 
widely, one general recommendation was common to all of the reports: the Federal 
Government needs to strengthen and re-energize investments in R&D and science 
and engineering education. The Science Committee held a hearing on July 21, 2005 
on U.S. Competitiveness: The Innovation Challenge to examine the issues raised in 
these reports and how federal science and engineering research and education in- 
vestments impacts U.S. economic competitiveness. 
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Appendix A 


Executive Summary of National Academy of Sciences Re- 
port, Rising Above the Gathering Storm: Energizing and 
Employing America for a Brighter Economic Future 

The United States takes deserved pride in the vitality of its economy, which forms 
the foundation of our high quality of life, our national security, and our hope that 
our children and grandchildren will inherit ever-greater opportunities. That vitality 
is derived in large part from the productivity of well-trained people and the steady 
stream of scientific and technical innovations they produce. Without high-quality, 
knowledge-intensive jobs and the innovative enterprises that lead to discovery and 
new technology, our economy will suffer and our people will face a lower standard 
of living. Economic studies conducted before the information-technology revolution 
have shown that even then as much as 85 percent of measured growth in U.S. in- 
come per capita is due to technological change.® 

Today, Americans are feeling the gradual and subtle effects of globalization that 
challenge the economic and strategic leadership that the United States has enjoyed 
since World War II. A substantial portion of our workforce finds itself in direct com- 
petition for jobs with lower-wage workers around the globe, and leading-edge sci- 
entific and engineering work is being accomplished in many parts of the world. 
Thanks to globalization, driven by modern communications and other advances, 
workers in virtually every sector must now face competitors who live just a mouse- 
click away in Ireland, Finland, China, India, or dozens of other nations whose econo- 
mies are growing. 

CHARGE TO THE COMMITTEE 

The National Academies was asked by Senator Lamar Alexander and Senator Jeff 
Bingaman of the Committee on Energy and Natural Resources, with endorsement 
by Representatives Sherwood Boehlert and Bart Gordon of the House Committee on 
Science, to respond to the following questions: 

What are the top 10 actions, in priority order, that federal policy-makers could 
take to enhance the science and technology enterprise so that the United States 
can successfully compete, prosper, and be secure in the global community of the 
21st Century? What strategy, with several concrete steps, could be used to im- 
plement each of those actions? 

The National Academies created the Committee on Prospering in the Global Econ- 
omy of the 21st Century to respond to this request. The charge constitutes a chal- 
lenge both daunting and exhilarating: to recommend to the Nation specific steps 
that can best strengthen the quality of life in America — our prosperity, our health, 
and our security. The committee has been cautious in its analysis of information. 
However, the available information is only partly adequate for the committee’s 
needs. In addition, the time allotted to develop the report (10 weeks from the time 
of the committee’s meeting to report release) limited the ability of the committee 
to conduct a thorough analysis. Even if unlimited time were available, definitive 
analyses on many issues are not possible given the uncertainties involved. 

This report reflects the consensus views and judgment of the committee members. 
Although the committee includes leaders in academe, industry, and government — 
several current and former industry chief executive officers, university presidents, 
researchers (including three Nobel prize winners), and former presidential ap- 
pointees — the array of topics and policies covered is so broad that it was not possible 
fo assemble a committee of 20 members with direct expertise in each relevant area. 
Because of those limitations, the committee has relied heavily on the judgment of 
many experts in the study’s focus groups, additional consultations via email and 
telephone with other experts, and an unusually large panel of reviewers. Although 
other solutions are undoubtedly possible, the committee believes that its rec- 
ommendations, if implemented, will help the United States achieve prosperity in the 
21st century. 


®For example, work by Robert Solow and Moses Abramovitz published in the middle 1950s 
demonstrated that as much as 85 percent of measured growth in U.S. income per capita during 
the 1890-1950 period could not he explained by increases in the capital stock or other measur- 
able inputs. The big unexplained portion, referred to alternatively as the “residual” or “the 
measure of ignorance,” has been widely attributed to the effects of technological change. 
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FINDINGS 

Having reviewed trends in the United States and abroad, the committee is deeply 
concerned that the scientific and technical building blocks of our economic leader- 
ship are eroding at a time when many other nations are gathering strength. We 
strongly believe that a worldwide strengthening will benefit the world’s economy — 
particularly in the creation of jobs in countries that are far less well-off than the 
United States. But we are worried about the future prosperity of the United States. 
Although many people assume that United States will always be a world leader in 
science and technology, this may not continue to be the case inasmuch as great 
minds and ideas exist throughout the world. We fear the abruptness with which a 
lead in science and technology can be lost — and the difficulty of recovering a lead 
once lost, if indeed it can be regained at all. 

This nation must prepare with great urgency to preserve its strategic and eco- 
nomic security. Because other nations have, and probably will continue to have, the 
competitive advantage of a low-wage structure, the United States must compete by 
optimizing its knowledge-based resources, particularly in science and technology, 
and by sustaining the most fertile environment for new and revitalized industries 
and the well-paying jobs they bring. We have already seen that capital, factories, 
and laboratories readily move wherever they are thought to have the greatest prom- 
ise of return to investors. 

RECOMMENDATIONS 

The committee reviewed hundreds of detailed suggestions — including various calls 
for novel and untested mechanisms — from other committees, from its focus groups, 
and from its own members. The challenge is immense, and the actions needed to 
respond are immense as well. 

The committee identified two key challenges that are tightly coupled to scientific 
and engineering prowess: creating high-quality jobs for Americans and responding 
to the Nation’s need for clean, affordable, and reliable energy. To address those chal- 
lenges, the committee structured its ideas according to four basic recommendations 
that focus on the human, financial, and knowledge capital necessary for U.S. pros- 
perity. 

The four recommendations focus on actions in K-12 education {10,000 Teachers, 
10 Million Minds), research {Sowing the Seeds), higher education {Best and Bright- 
est), and economic policy {Incentives for Innovation) that are set forth in the fol- 
lowing sections. Also provided are a total of 20 implementation steps for reaching 
the goals set forth in the recommendations. 

Some actions involve changes in the law. Others require financial support that 
would come from reallocation of existing funds or, if necessary, from new funds. 
Overall, the committee believes that the investments are modest relative to the 
magnitude of the return the Nation can expect in the creation of new high-quality 
jobs and in responding to its energy needs. 

10,000 TEACHERS, 10 MILLION MINDS IN K-12 SCIENCE AND MATHE- 
MATICS EDUCATION 

Recommendation A: Increase America’s talent pool by vastly improving K-12 
science and mathematics education. 

Implementation Actions 

The highest priority should be assigned to the following actions and programs. All 
should be subjected to continuing evaluation and refinement as they are imple- 
mented: 

Action A-1: Annually recruit 10,000 science and mathematies teachers by 
awarding four-year seholarships and thereby educating 10 million minds. 

Attract 10,000 of America’s brightest students to the teaching profession every year, 
each of whom can have an impact on 1,000 students over the life of their careers. 
The program would award competitive four-year scholarships for students to obtain 
Bachelor’s degrees in the physical or life sciences, engineering, or mathematics with 
concurrent certification as K-12 science and mathematics teachers. The merit-based 
scholarships would provide up to $20,000 a year for four years for qualified edu- 
cational expenses, including tuition and fees, and require a commitment to five 
years of service in public K-12 schools. A $10,000 annual bonus would go to partici- 
pating teachers in underserved schools in inner cities and rural areas. To provide 
the highest-quality education for undergraduates who want to become teachers, it 
would be important to award matching grants, perhaps $1 million a year for up to 
five years, to as many as 100 universities and colleges to encourage them to estab- 
lish integrated four-year undergraduate programs leading to Bachelor’s degrees in 
science, engineering, or mathematics with teacher certification. 
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Action A-2: Strengthen the skills of 250,000 teachers through training and 
education programs at summer institutes, in Master’s programs, and Ad- 
vaneed Placement and International Bacealaureate (AP and IB) training 
programs and thus inspires students every day. Use proven models to 
strengthen the skills (and compensation, which is based on education and skill level) 
of 250,000 current K-12 teachers: 

• Summer institutes: Provide matching grants to state and regional one- to two- 
week summer institutes to upgrade as many as 50,000 practicing teachers 
each summer. The material covered would allow teachers to keep current 
with recent developments in science, mathematics, and technology and allow 
for the exchange of best teaching practices. The Merck Institute for Science 
Education is a model for this recommendation. 

• Science and mathematics Master’s programs: Provide grants to universities to 
offer 50,000 current middle-school and high-school science, mathematics, and 
technology teachers (with or without undergraduate science, mathematics, or 
engineering degrees) two-year, part-time Master’s degree programs that focus 
on rigorous science and mathematics content and pedagogy. The model for 
this recommendation is the University of Pennsylvania Science Teachers In- 
stitute. 

• AP, IB, and pre-AP or pre-IB training: Train an additional 70,000 AP or IB 
and 80,000 pre-AP or pre-IB instructors to teach advanced courses in mathe- 
matics and science. Assuming satisfactory performance, teachers may receive 
incentive payments of up to $2,000 per year, as well as $100 for each student 
who passes an AP or IB exam in mathematics or science. There are two mod- 
els for this program: the Advanced Placement Incentive Program and Laying 
the Foundation, a pre-AP program. 

• K-12 curriculum materials modeled on world-class standards: Foster high- 
quality teaching with world-class curricula, standards, and assessments of 
student learning. Convene a national panel to collect, evaluate, and develop 
rigorous K-12 materials that would be available free of charge as a voluntary 
national curriculum. The model for this recommendation is the Project Lead 
the Way pre-engineering courseware. 

Action A-3: Enlarge the pipeline by increasing the number of students 
who take AP and IB science and mathematics courses. Create opportunities 
and incentives for middle-school and high-school students to pursue advanced work 
in science and mathematics. By 2010, increase the number of students in AP and 
IB mathematics and science courses from 1.2 million to 4.5 million, and set a goal 
of tripling the number who pass those tests, to 700,000, by 2010. Student incentives 
for success would include 50 percent examination fee rebates and $100 mini-scholar- 
ships for each passing score on an AP or IB mathematics and science examination. 

The committee proposes expansion of two additional approaches to improving K- 
12 science and mathematics education that are already in use: 

• Statewide specialty high schools: Specialty secondary education can foster 
leaders in science, technology, and mathematics. Specialty schools immerse 
students in high-quality science, technology, and mathematics education; 
serve as a mechanism to test teaching materials; provide a training ground 
for K-12 teachers; and provide the resources and staff for summer programs 
that introduce students to science and mathematics. 

• Inquiry-based learning: Summer internships and research opportunities pro- 
vide especially valuable laboratory experience for both middle-school and 
high-school students. 

SOWING THE SEEDS THROUGH SCIENCE AND ENGINEERING RE- 
SEARCH 

Recommendation B: Sustain and strengthen the Nation’s traditional commitment 
to long-term basic research that has the potential to be transformational to maintain 
the flow of new ideas that fuel the economy, provide security, and enhance the quality 
of life. 

Implementation Actions 

Action B-1: Increase the federal investment in long-term basic research 
by 10 percent a year over the next seven years, through re-allocation of exist- 
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ing funds'^ or if necessary through the investment of new funds. Special attention 
should go to the physical sciences, engineering, mathematics, and information 
sciences and to Department of Defense (DOD) basic-research funding. This special 
attention does not mean that there should be a disinvestment in such important 
fields as the life sciences (which have seen growth in recent years) or the social 
sciences. A balanced research portfolio in all fields of science and engineering re- 
search is critical to U.S. prosperity. This investment should be evaluated regularly 
to realign the research portfolio — unsuccessful projects and venues of research 
should be replaced with emerging research projects and venues that have greater 
promise. 

Action B-2: Provide new research grants of $500,000 each annually, pay- 
able over five years, to 200 of our most outstanding early-career research- 
ers. The grants would be made through existing federal research agencies — the Na- 
tional Institutes of Health (NIH), the National Science Foundation (NSF), the De- 
partment of Energy (DOE), DOD, and the National Aeronautics and Space Adminis- 
tration — to underwrite new research opportunities at universities and government 
laboratories. 

Action B-3: Institute a National Coordination Office for Research Infra- 
structure to manage a centralized research-infrastructure fund of $500 mil- 
lion per year over the next five years — through reallocation of existing funds 
or if necessary through the investment of new funds — to ensure that universities 
and government laboratories create and maintain the facilities and equipment need- 
ed for leading-edge scientific discovery and technological development. Universities 
and national laboratories would compete annually for these funds. 

Action B-4: Allocate at least eight pereent of the budgets of federal re- 
seareh ageneies to discretionary funding that would be managed by technical 
program managers in the agencies and be focused on catalyzing high-risk, high-pay- 
off research. 

Action B-5: Create in the Department of Energy (DOE) an organization 
like the Defense Advanced Research Projects Agency (DARPA) called the 
Advanced Research Projects Agency-Energy (ARPA-E).® The Director of 
ARPA-E would report to the Under Secretary for science and would be charged with 
sponsoring specific research and development programs to meet the Nation’s long- 
term energy challenges. The new agency would support creative “out-of-the-box” 
transformational generic energy research that industry by itself cannot or will not 
support and in which risk may be high but success would provide dramatic benefits 
for the Nation. This would accelerate the process by which knowledge obtained 
through research is transformed to create jobs and address environmental, energy, 
and security issues. ARPA-E would be based on the historically successful DARPA 
model and would be designed as a lean and agile organization with a great deal of 
independence that can start and stop targeted programs on the basis of perform- 
ance. The agency would itself perform no research or transitional effort but would 
fund such work conducted by universities, startups, established firms, and others. 
Its staff would turn over about every four years. Although the agency would be fo- 
cused on specific energy issues, it is expected that its work (like that of DARPA or 
NIH) will have important spin-off benefits, including aiding in the education of the 
next generation of researchers. Funding for ARPA-E would start at $300 million the 
first year and increase to $1 billion per year over 5-6 years, at which point the pro- 
gram’s effectiveness would be evaluated. 

Action B-6: Institute a Presidential Innovation Award to stimulate sci- 
entific and engineering advanees in the national interest. Existing presi- 
dential awards address lifetime achievements or promising young scholars, but the 
proposed new awards would identify and recognize persons who develop unique sci- 
entific and engineering innovations in the national interest at the time they occur. 


The funds may come from anywhere in an agency, not just other research funds. 

® One committee member, Lee Raymond, does not support this action item. He does not believe 
that ARPA-E is necessary as energy research is already well funded by the Federal Govern- 
ment, along with formidable funding of energy research by the private sector. Also, ARPA-E 
would put the Federal Government in the business of picking “winning energy technologies” — 
a role best left to the private sector. 
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BEST AND BRIGHTEST IN SCIENCE AND ENGINEERING HIGHER EDU- 
CATION 

Recommendation C: Make the United States the most attractive setting in which 
to study and perform research so that we can develop, recruit, and retain the best 
and brightest students, scientists, and engineers from within the United States and 
throughout the world. 

Implementation Actions 

Action C-1: Increase the number and proportion of U.S. citizens who earn 
physical-sciences, life scienees, engineering, and mathematics Bachelor’s 
degrees by providing 25,000 new four-year competitive undergraduate 
scholarships each year to U.S. citizens attending U.S. institutions. The Un- 
dergraduate Scholar Awards in Science, Technology, Engineering, and Mathematics 
(USA-STEM) would be distributed to states on the basis of the size of their congres- 
sional delegations and awarded on the basis of national examinations. An award 
would provide up to $20,000 annually for tuition and fees. 

Action C-2: Increase the number of U.S. eitizens pursuing graduate study 
in “areas of national need” by funding 5,000 new graduate fellowships each 
year. NSF should administer the program and draw on the advice of other federal 
research agencies to define national needs. The focus on national needs is important 
both to ensure an adequate supply of doctoral scientists and engineers and to ensure 
that there are appropriate employment opportunities for students once they receive 
their degrees. Portable fellowships would provide funds of up to $20,000 annually 
directly to students, who would choose where to pursue graduate studies instead of 
being required to follow faculty research grants. 

Action C-3: Provide a federal tax eredit to eneourage employers to make 
continuing education available (either internally or though colleges and 
universities) to practieing scientists and engineers. These incentives would 
promote career-long learning to keep the workforce current in the face of rapidly 
evolving scientific and engineering discoveries and technological advances and 
would allow for retraining to meet new demands of the job market. 

Action C-4: Continue to improve visa processing for international stu- 
dents and scholars to provide less complex procedures and continue to make im- 
provements on such issues as visa categories and duration, travel for scientific meet- 
ings, the technology-alert list, reciprocity agreements, and changes in status. 

Action C-5: Provide a one-year automatic visa extension to international 
students who receive doctorates or the equivalent in science, technology, 
engineering, mathematics, or other fields of national need at qualified U.S. 
institutions to remain in the United States to seek employment. If these 
students are offered jobs by United States-based employers and pass a se- 
curity screening test, they should be provided automatic work permits and 
expedited residence status. If students are unable to obtain employment within 
one year, their visas would expire. 

Action C-6: Institute a new skills-based, preferential immigration option. 

Doctoral-level education and science and engineering skills would substantially raise 
an applicant’s chances and priority in obtaining U.S. citizenship. In the interim, the 
number of H-IB® visas should be increased by 10,000, and the additional visas 
should be available for industry to hire science and engineering applicants with doc- 
torates from U.S. universities. 

Action C-7: Reform the current system of “deemed exports.” The new 

system should provide international students and researchers engaged in funda- 


®The H— IB is a nonimmigrant classification used by an alien who will be employed tempo- 
rarily in a specialty occupation of distinguished merit and ability. A specialty occupation re- 
quires theoretical and practical application of a hody of specialized knowledge and at least a 
Bachelor’s degree or its equivalent. For example, architecture, engineering, mathematics, phys- 
ical sciences, social sciences, medicine and health, education, business specialties, accounting, 
law, theology, and the arts are specialty occupations. See http://uscis.gov/graphics/howdoi/ 
hlh.htm 

10 The controls governed by the Export Administration Act and its implementing regulations 
extend to the transfer of technology. Technology includes “specific information necessary for the 
’development,’ ‘production,’ or ‘use’ of a product” [emphasis added]. Providing information that 
is subject to export controls — for example, about some kinds of computer hardware — to a foreign 
national within the United States may be “deemed” an export, and that transfer requires an 

Continued 
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mental research in the United States with access to information and research equip- 
ment in U.S. industrial, academic, and national laboratories comparable with the 
access provided to U.S. citizens and permanent residents in a similar status. It 
would, of course, exclude information and facilities restricted under national-secu- 
rity regulations. In addition, the effect of deemed-exports regulations on the edu- 
cation and fundamental research work of international students and scholars should 
be limited by removing all technology items (information and equipment) from the 
deemed-exports technology list that are available for purchase on the overseas open 
market from foreign or U.S. companies or that have manuals that are available in 
the public domain, in libraries, over the Internet, or from manufacturers. 

INCENTIVES FOR INNOVATION AND THE INVESTMENT ENVIRONMENT 

Recommendation D: Ensure that the United States is the premier place in the 
world to innovate; invest in downstream activities such as manufacturing and mar- 
keting; and create high-paying jobs that are based on innovation by modernizing the 
patent system, realigning tax policies to encourage innovation, and ensuring afford- 
able broadband access. 

Implementation Actions 

Action D-1: Enhance intellectual-property protection for the 21st century 
global economy to ensure that systems for protecting patents and other forms of 
intellectual property underlie the emerging knowledge economy but allow research 
to enhance innovation. The patent system requires reform of four specific kinds: 

• Provide the Patent and Trademark Office sufficient resources to make intel- 
lectual-property protection more timely, predictable, and effective. 

• Reconfigure the U.S. patent system by switching to a “first-inventor-to-file” 
system and by instituting administrative review after a patent is granted. 
Those reforms would bring the U.S. system into alignment with patent sys- 
tems in Europe and Japan. 

• Shield research uses of patented inventions from infringement liability. One 
recent court decision could jeopardize the long-assumed ability of academic re- 
searchers to use patented inventions for research. 

• Change intellectual-property laws that act as barriers to innovation in specific 
industries, such as those related to data exclusivity (in pharmaceuticals) and 
those which increase the volume and unpredictability of litigation (especially 
in information-technology industries). 

Action D-2: Enact a stronger research and development tax eredit to en- 
courage private investment in innovation. The current Research and Experi- 
mentation Teix Credit goes to companies that increase their research and develop- 
ment spending above a base amount calculated from their spending in prior years. 
Congress and the administration should make the credit permanent,^! and it should 
be increased from 20 percent to 40 percent of the qualif 5 dng increase so that the 
U.S. tcix credit is competitive with that of other countries. The credit should be ex- 
tended to companies that have consistently spent large amounts on research and de- 
velopment so that they will not be subject to the current de facto penalties for pre- 
viously investing in research and development. 

Action D-3: Provide tax incentives for United States-based innovation. 

Many policies and programs affect innovation and the Nation’s ability to profit from 
it. It was not possible for the committee to conduct an exhaustive examination, but 
alternatives to current economic policies should be examined and, if deemed bene- 
ficial to the United States, pursued. These alternatives could include changes in 
overall corporate teix rates, provision of incentives for the purchase of high-tech- 
nology research and manufacturing equipment, treatment of capital gains, and in- 
centives for long-term investments in innovation. The Council of Economic Advisers 
and the Congressional Budget Office should conduct a comprehensive analysis to ex- 
amine how the United States compares with other nations as a location for innova- 
tion and related activities with a view to ensuring that the United States is one of 
the most attractive places in the world for long-term innovation-related investment. 
From a tax standpoint, that is not now the case. 

Action D-4: Ensure ubiquitous broadband Internet aceess. Several nations 
are well ahead of the United States in providing broadband access for home, school. 


export license. The primary responsibility for administering controls on deemed exports lies with 
the Department of Commerce, but other agencies have regulatory authority as well. 
i^The current R&D tax credit expires in December 2005. 
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and business. That capability will do as much to drive innovation, the economy, and 
job creation in the 21st century as did access to the telephone, interstate highways, 
and air travel in the 20th century. Congress and the administration should take ac- 
tion — mainly in the regulatory arena and in spectrum management — to ensure 
widespread affordable broadband access in the near future. 

CONCLUSION 

The committee believes that its recommendations and the actions proposed to im- 
plement them merit serious consideration if we are to ensure that our nation con- 
tinues to enjoy the jobs, security, and high standard of living that this and previous 
generations worked so hard to create. Although the committee was asked only to 
recommend actions that can be taken by the Federal Government, it is clear that 
related actions at the State and local levels are equally important for U.S. pros- 
perity, as are actions taken by each American family. The United States faces an 
enormous challenge because of the disadvantage it faces in labor cost. Science and 
technology provide the opportunity to overcome that disadvantage by creating sci- 
entists and engineers with the ability to create entire new industries — much as has 
been done in the past. 

It is easy to be complacent about U.S. competitiveness and pre-eminence in 
science and technology. We have led the world for decades, and we continue to do 
so in many research fields today. But the world is changing rapidly, and our advan- 
tages are no longer unique. Without a renewed effort to bolster the foundations of 
our competitiveness, we can expect to lose our privileged position. For the first time 
in generations, the Nation’s children could face poorer prospects than their parents 
and grandparents did. We owe our current prosperity, security, and good health to 
the investments of past generations, and we are obliged to renew those commit- 
ments in education, research, and innovation policies to ensure that the American 
people continue to benefit from the remarkable opportunities provided by the rapid 
development of the global economy and its not inconsiderable underpinning in 
science and technology. 
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SOME WORRISOME INDICATORS 


• When asked in spring 2005 what is the most attractive place in the world in 
which to “lead a good life,” ^ respondents in only one of the 16 countries polled 
(India) indicated the United States. 

• For the cost of one chemist or one engineer in the United States, a company 
can hire about five chemists in China or 11 engineers in India.^ 

• For the first time, the most capable high-energy particle accelerator on Earth 
will, beginning in 2007, reside outside the United States.® 

• The United States is today a net importer of high-technology products. Its 
share of global high-technology exports has fallen in the last two decades 
from 30 percent to 17 percent, and its trade balance in high-technology manu- 
factured goods shifted from plus $33 billion in 1990 to a negative $24 billion 
in 2004.4 

• Chemical companies closed 70 facilities in the United States in 2004 and have 
tagged 40 more for shutdown. Of 120 chemical plants being built around the 
world with price tags of $1 billion or more, one is in the United States and 
60 in China.® 

• Fewer than one-third of U.S. 4th grade and 8th grade students performed at 
or above a level called “proficient” in mathematics; “proficiency” was consid- 
ered the ability to exhibit competence with challenging subject matter. Alarm- 
ingly, about one-third of the 4th graders and one-fifth of the 8th graders 
lacked the competence to perform basic mathematical computations.® 

• U.S. 12th graders recently performed below the international average for 21 
countries on a test of general knowledge in mathematics and science. In addi- 
tion, an advanced mathematics assessment was administered to U.S. students 
who were taking or had taken precalculus, calculus, or Advanced Placement 
calculus and to students in 15 other countries who were taking or had taken 
advanced mathematics courses. Eleven nations outperformed the United 
States, and four countries had scores similar to the U.S. scores. No nation 
scored significantly below the United States.'^ 

• In 1999, only 41 percent of U.S. 8th grade students received instruction from 
a mathematics teacher who specialized in mathematics, considerably lower 
than the international average of 7 1 percent.® 

• In one recent period, low-wage employers, such as Wal-Mart (now the Na- 
tion’s largest employer) and McDonald’s, created 44 percent of the new jobs, 
while high-wage employers created only 29 percent of the new jobs.® 

• In 2003, only three American companies ranked among the top 10 recipients 
of patents granted by the United States Patent and Trademark Office.^® 


4 Interview asked nearly 17,000 people the question: “Supposed a young person who wanted 
to leave this country asked you to recommend where to go to lead a good life — what country 
would you recommend ?” Except for respondents in India, Poland, and Canada, no more than 
one-tenth of the people in the other nations said they would recommend the United States. Can- 
ada and Australia won the popularity contest. Pew Glohal Attitudes Project, July 23, 2005. 

2 The Weh site http://www.payscale.com/about.asp tracks and compares pay scales in many 
countries. Ron Hira, of Rochester Institute of Technology, calculates average salaries for engi- 
neers in the United States and India as $70,000 and $13,580, respectively. 

2 CERN, http://public.web.cern.ch/Public/Welcome.html. 

4 For 2004, the dollar value of high-technology imports was $560 billion; the value of high- 
technology exports was $511 billion. See Appendix Table 6-01 of National Science Board’s 
Science and Engineering Indicators 2004. 

®“No Longer The Lab Of The World: U.S. chemical plants are closing in droves as production 
heads abroad,” Business Week (May 2, 2005). 

® National Center for Education Statistics, Trends in International Mathematics and Science 
Study, 2003, http://nces.ed.gov/timss. 

"^Data are from National Science Board. 2004. Science and Engineering Indicators 2004 (NSB 
04-01). Arlington, VA: National Science Foundation. Chapter 1. 

®Data are from National Science Board. 2004. Science and Engineering Indicators 2004 (NSB 
04-01). Arlington, VA: National Science Foundation. Chapter 1. 

® Roach, Steve. More Jobs, Worse Work. New York Times. July 22, 2004. 

4® U.S. Patent and Trademark Office, Preliminary list of top patenting organizations. 2003, 
http://www.uspto.gov/web/offices/ac/ido/oeip/tal/top03cos.htm. 
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• In Germany, 36 percent of undergraduates receive their degrees in science 
and engineering. In China, the figure is 59 percent, and in Japan 66 percent. 
In the United States, the corresponding figure is 32 percent.^^ 

• The United States is said to have 10.5 million illegal immigrants, but under 
the law the number of visas set aside for “highly qualified foreign workers” 
dropped to 65,000 a year from its 195,000 peak.^^ 

• In 2004, China graduated over 600,000 engineers, India 350,000, and America 
about 70,000.13 

• In 2001 (the most recent year for which data are available), U.S. industry 
spent more on tort litigation than on R&D.i^ 


^^Data are from National Science Board. 2004. Science and Engineering Indicators 2004 (NSB 
04-01). Arlington, VA: National Science Foundation, Appendix Table 2-33. 

12 Colvin, Geoffrey. 2005. “America isn’t ready.” Fortune Magazine, July 25. H-IB visas allow 
employers to have access to highly educated foreign professionals who have experience in spe- 
cialized fields and who have at least Bachelor’s degree or the equivalent. The cap does not apply 
to educational institutions. In November 2004, Congress created an exemption for 20,000 foreign 
nationals earning advanced degrees from U.S. universities. See Immigration and Nationality Act 
Section 101(a)(15)(h)(l)(b). 

13 Geoffrey Colvin. 2005. “America isn’t ready.” Fortune Magazine, July 25. 

i^U.S. research and development spending in 2001 was $273.6 billion, of which industry per- 
formed $194 billion, and funded about $184 billion. {National Science Board Science and Engi- 
neering Indicators 2004). One estimate of tort litigation costs in the United States was $205 
billion in 2001. (Leonard, Jeremy A. 2003. How Structural Costs Imposed on U.S. Manufacturers 
Harm Workers and Threaten Competitiveness. Prepared for the Manufacturing Institute of the 
National Association of Manufacturers. http://www.nam.Org/s — nam/ 

bin.asp?CID=216&DID=227525&DOC=FILE.PDF. 
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Appendix B: Senate Letter to National Academy of Sciences 

lanitcd States Senate 

WASHINGTON, DC 20510 


May 27, 2005 


Dr. Bruce Alberts 
President 

National Academy of Sciences 
2101 Constitution Avenue 
Washington, DC 20418 


Dear Dr. Alberts: 

The Energy Subcommittee of the Senate Energy and Natural Resources Committee has been 
given tlie latitude by Chairman Pete Domeniei to hold a series of hearings to identify specific 
steps our government should take to ensure the preeminence of America’s scientific and 
technological enterprise. 

The National Academies could provide critical assistance in this effort by assembling some of 
the best minds in the scientific and technical community to identify the most urgent challenges 
the Uni ted States faces in maintaining leadership in key areas of science and technology. 
Specifically, we would appreciate a report from the National Academies by September 2005 that 
addresses the following: 

• Is it essential for the United States to be at the forefront of research in broad areas of 
science and engineering? How does this leadership translate into concrete benefits as 
evidenced by the competitiveness of American businesses and an ability to meet key 
goals such as strengthening national security and homeland security, improving health, 
protecting the environment, and reducing dependence on imported oil? 

What specific steps are needed to ensure that the United States maintains its leadership in 
science and engineering to enable us to successfully compete, prosper, and be secure in 
the global community of the 21st century? How can we determine whether total federal 
research investment is adequate, whether it is properly balanced among research 
disciplines (considering both traditional research areas and new multidisciplinary fields 
such as nanotechnology ), and between basic and applied research? 

• How' do we ensure that the United States remains at the epicenter of the ongoing 
revolution in research and innovation that is driving 21“ century economies? How can we 
assure investors that America is the preferred site for investments in new or expanded 
businesses that create the best jobs and provide the best services? 
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• How can we ensure that critical discoveries across all the scientific disciplines are 
predominantly American and exploited first hy firms producing and hiring in America? 
How can we best encourage domestic firms to invest in invention and innovation to meet 
new global competition and how can public research investments best supplement these 
private sector investments? 

• What specific steps are needed to develop a well-educated workforce able to successfully 
embrace the rapid pace of technological change? 

Your answers to these questions will help Congress design effective programs to ensure that 
America remains at the forefront of scientific capability, thereby enhancing our ability to shape 
and improve our nation’s future. 

We look forward to reviewing the results of your efforts. 


Sincerely, 


Lamar Alexander 
Chairman 

Energy Subcommittee 
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Appendix C: House Letter to National Academy of Sciences 


U.S. HOUSE OF REPRESENTATIVES 

COMMITTEE ON SCIENCE 

SUITE 2320 RAYBURN HOUSE OFFICE BUILDING 
WASHINGTON, DC 2051 5-0301 
(2021 22&-B371 
TTY: (202) 226-4410 
hRp:MvM>w.liouM.90wAcl*AC«AMlM’^a.htin 

June 30, 2005 


Dr. Bruce Alberts 
President 

National Academy of Sciences 
2101 Constitution Avenue 
Washington, DC 20418 

Dear Dr. Alberts, 

We understand that the National Academies, in response to a request from Senators Alexander 
and Bingaman, are in the early stages of developing a study related to the urgent challenges 
facing the United States in maintaining leadership in key areas of science and technology. 
Because the Science Committee considers ensuring the strength and vitality of the Nation’s 
scientific and technology enterprise an important part of its broad oversight responsibility, we are 
writing to endorse the request for this study and to encourage the National Academies to carry it 
forward expeditiously. 

In addition, we would like to suggest some specific questions we hope to see addressed by the 
study: 

• What skills will be required by the future U.S. science and engineering workforce in 
order for it to command a salary premium over foreign scientists and engineers? Are 
alternative degree programs needed, such as professional science masters degrees, to 
meet the needs of industry and to lead to attractive career paths for students? 

• Are changes needed in the current graduate education system, such as: a different mix in 
graduate support among fellowships, traineeships, and research assistantships; more 
research faculty positions and fewer postdocs and graduate students in traditional 
graduate programs? 

• Should a greater proportion of federal research funding be allocated to high-risk, 
exploratory research and should funding priorities among broad fields of science and 
engineering be readjusted? 
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• What policies and programs will help ensure the rapid flow of research results into the 
marketplace and promote the commercialization of research in a way that leads to the 
creation of good jobs for Americans? 

The committee looks forwards to reviewing the results of this effort, and hopes that a draft 
response will be available by September 30, 2005. We hope that the new and innovative ideas 
you produce as the result of this effort will be able to translate into policies that will enhance 
U.S. prosperity in the 2P’ century. If you have any questions, please contact Dan Byers of the 
Majority Staff or Jim Wilson of the Minority Staff. 
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Chairman BOEHLERT. The hearing will come to order. 

Before we start the official part of today’s hearing, I would like 
to take a moment to recognize a real person to illustrate the impor- 
tance of the issues we are going to be discussing today. Neela 
Thangada, who is in the audience today. Neela, would you please 
stand? 

Just yesterday, she won the Discoveiy Channel Young Scientist 
Challenge. She got into the finals of this contest by doing an indi- 
vidual project on plant cloning and won by demonstrating leader- 
ship, teamwork, and scientific problem-solving on a series of experi- 
ments related to forces of nature, a very timely thing for this year’s 
contest. Now let me point out that Neela is 14. She is in the sev- 
enth grade. What she is doing is so exciting. She is accompanied 
by her mom. Where is mom, Neela? You know, when I first met 
Neela, this is not as a politician, this is just an observation, I didn’t 
know which one was the student and which one was the mom. 
Mom, please stand and be recognized. I want to thank you for the 
guidance you are providing. 

Neela is what this whole hearing is about and what the whole 
Augustine report is about, so we are so pleased to see you, and 
thank you for joining us. 

It is a pleasure to welcome everyone here this morning for our 
hearing on the new and vitally important National Academy re- 
port, “Rising Above the Gathering Storm.” This report is already 
getting an unusual amount of media coverage, and how refreshing 
that is to have the media concentrating on something that is not 
sensational but is critically important, a tribute, in part, to the rep- 
utations and work of our witnesses here today, and that is helping 
to jump-start, and in other quarters, to intensify, a national discus- 
sion on research and education and the Nation’s future. 

The overarching message of the report is simple and clear, and 
it is one the Congress had better heed. And the message is this: 
complacency will kill us. “Where there is no vision, the people per- 
ish.” If the United States rests on its withering laurels in the com- 
petitive world, we will witness the slow erosion of our preeminence, 
our security, and our standard of living. That is a very sobering 
message. We used to be so far ahead of everybody else in the global 
enterprise that when we looked around, we couldn’t even find a 
person in second place. Now we can’t even take a nanosecond to 
look over our shoulder, because they are breathing down our neck. 

It is a message that this committee has been trying to send for 
many, many years, and now, joined by Chairman Wolf of the Ap- 
propriations Committee and some of our other friends over there 
who get it, indeed this committee has pressed, sometimes success- 
fully and, unfortunately, sometimes not, for many of the specific 
proposals in the Academy report. So Mr. Augustine, you guys are 
really helping us, and I appreciate it. 

We have authorized increased spending on basic research, includ- 
ing funding for research equipment and for more daring and cross- 
disciplinary research, and we have created programs like the Noyce 
Scholarships to try to attract more top students into teaching. And 
Neela, consider teaching as a career, will you please? And like Tech 
Talent to get more students who express interest in science, math, 
and engineering to complete majors in those fields. 
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We have pushed for greater funding for the education directorate 
at the National Science Foundation and for the basic and applied 
research programs at the Department of Energy. 

But clearly, we haven’t done enough. We have all of the zeal of 
the most fervent missionary, and we are trying, but we haven’t 
done enough, and we haven’t succeeded nearly as much as we 
would like. That is why the Augustine report helps this. Science 
programs still have to scrounge around for every additional cent. 
Young scientists still have to beg for funds. Our education system 
is still producing too many students who can not compete with our 
counterparts around the world. And the Federal Government is 
still ignoring our fundamental energy problems while wasting 
money pandering to special interests. 

So I urge our witnesses today, who are among the most promi- 
nent and respected leaders in the Nation, to redouble your efforts 
to get the word out about this report. We need a lot more mis- 
sionary work, especially in this era of fiscal constraint. While Con- 
gress turns its attention to fixing the immediate problems caused 
by the literal storms that have hit our coasts, we can’t skimp on 
the funds needed to address the gathering storm described so 
starkly in your report. 

There is an exchange in a Hemingway novel in which one char- 
acter asks another how he went bankrupt. He answers, “Two ways. 
First gradually and then suddenly.” As a nation, we are gradually 
going bankrupt now in the ways described in the Academy report. 
If we don’t act, we are going to wake up one day and find ourselves 
suddenly unable to compete. 

I look forward to further guidance this morning on exactly what 
we should do to compete. And I hope we will have a spirited discus- 
sion about the details of the Academy report recommendations. But 
as we argue about the specifics, and it won’t be so much an argu- 
ment, it will be sort of a debate, I hope we can all come away with 
an open and even greater commitment to address the problems 
that the report lays before us. 

[The prepared statement of Chairman Boehlert follows:] 

Prepared Statement of Chairman Sherwood L. Boehlert 

It’s a pleasure to welcome everyone here this morning for our hearing on the new 
and vitally important National Academy report “Rising Above the Gathering 
Storm.” This report is already getting an unusual amount of media coverage — a trib- 
ute, in part, to the reputations and work of our witnesses today — and that is helping 
to jump-start (and in other quarters, to intensify) a national discussion on research 
and education and the Nation’s future. 

The overarching message of the report is simple and clear, and it’s one the Con- 
gress had better heed. And the message is this: complacency will kill us. If the 
United States rests on its withering laurels in this competitive world, we will wit- 
ness the slow erosion of our preeminence, our security and our standard of living. 
It’s a sobering message. 

It’s also a message that this committee has been trying to send for many years, 
now joined by Chairman Wolf and some of our other friends on Appropriations. In- 
deed, this committee has pressed — sometimes successfully, sometimes not — for 
many of the specific proposals in the Academy report. 

We have authorized increased spending on basic research, including funding for 
research equipment and for more daring and cross-disciplinary research; and we 
have created programs like the Noyce Scholarships to try to attract more top stu- 
dents into teaching, and like Tech Talent to get more students who express interest 
in science, math and engineering to complete majors in those fields. 
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We have pushed for greater funding for the education directorate at the National 
Science Foundation (NSF) and for the basic and applied research programs at the 
Department of Energy. 

But we clearly haven’t done nearly enough. Science programs still have to 
scrounge around for every additional cent; young scientists still have to beg for 
funds; our education system is still producing too many students who cannot com- 
pete with their counterparts around the world; and the Federal Government is still 
ignoring our fundamental energy problems while wasting money pandering to spe- 
cial interests. 

So I urge our witnesses today — who are among the most prominent and respected 
leaders in this nation — to redouble your efforts to get the word out about this report. 
We need a lot more missionary work, especially in this era of fiscal constraint. 
While Congress turns its attention to fixing the immediate problems caused by the 
literal storms that have hit our coasts, we can’t skimp on the funds needed to ad- 
dress the “gathering storm” described so starkly in your report. 

There’s an exchange in a Hemingway novel in which one character asks another 
how he went bankrupt. He answers, “Two ways. First gradually and then suddenly.” 
As a nation, we’re gradually going bankrupt now in the ways described in the Acad- 
emy report. If we don’t act, we’re going to wake up one day and find ourselves “sud- 
denly” unable to compete. 

I look forward to getting further guidance this morning on exactly what we should 
do to compete, and I hope we have a spirited discussion about the details of your 
recommendations. But as we argue about the specifics, I hope we can all come away 
with an even greater commitment to address the problems this report lays before 
us. 

Chairman BOEHLERT. With that, it is a pleasure to turn to my 
partner in this venture, the Ranking Member from Tennessee, Mr. 
Gordon. 

Mr. Gordon. Thank you, Mr. Chairman. 

Let me, once again, concur with your statements and also say 
that I have witnessed firsthand your passion for these issues. You 
are a leader in the area, and I appreciate working with you on it. 

Let me also thank the Committee for the work you have done, 
Mr. Augustine. Once again, you have done a tremendous service for 
the country. 

And let me say this, without diminishing what you have done. 
To a great extent, what you have done is just rehash what we al- 
ready knew and brought it together from different sources. There 
is not a lot new here, and I don’t mean that as — I mean, I think 
it is good that we have brought it together. I think that it is good 
that we can look to your report and say these are leaders in aca- 
demia, with the private sector, and hopefully get us more energy 
in trying to accomplish something here. But again, as our Chair- 
man has pointed out, this committee has passed many of these 
things already. 

And so really, what I would like to hear you talk a little bit 
about is how do we get the private sector, and what do you intend 
to do to help implement these proposals. I mean, again, you know, 
we have to have more energy. Clearly, what we are doing is not 
enough. And I would like to hear something about that. 

The other thing that I noted reading through this report is that, 
with the exception of talking about R&D credits, there really 
wasn’t much said about the private sector in this area. Now maybe 
you didn’t think that was your charge, but I think the charge said 
what are some federal policies that deal with it. The R&D credit 
is one of those. And I pose this question that I would like to hear 
more about. There seems to be a growing disparity between top 
level CEO and other kind of salaries and the salaries of others in 
those companies in relationship to other countries. And is this lead- 
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ing us to a situation where those top executives are so pushed be- 
cause of this type of compensation that they have to be so quarterly 
oriented to having results that the private sector is not doing its 
part in R&D? And is there some, I mean, I guess, one, is this accu- 
rate? And if it is not, then that is fine. If it is accurate, then is 
there a federal role in somehow trying to encourage looking beyond 
the quarter? Looking beyond. I mean, right now folks, in two or 
three years, can make all of the money they can spend the rest of 
their life. So you know, as long as they keep the stock up, why 
should I worry about five years from now? Why should I make 
these investments? 

Again, if I am wrong, I would like to know. 

The other thing is in your statement, and it was $10 billion, I 
hate to say, is a modest amount of money, but it is not, I think in 
terms of investment and in terms of our budget, it is a reasonable 
amount of money to spend. And you are talking about how we need 
to reallocate. We can get part of this by reallocating some funds 
within, I guess, our current budget. But I didn’t see the section 
about what to allocate and what were those specifically. So if you 
have some suggestions in addition to reallocate, which ones we 
should reallocate, I would like to hear that today. 

So with that in mind, again, I want to thank you. This is an im- 
portant document. This is a document that we all need to wave and 
that we all need to charge forward with. It is important to our kids 
and our grandkids. So I thank you for it. 

Again, my questions did not try to diminish what you did but to 
try to take this a step farther. 

Thank you. 

[The prepared statement of Mr. Gordon follows:] 

Prepared Statement of Representative Bart Gordon 

I want to join Chairman Boehlert in welcoming everyone to this morning’s hear- 
ing. 

I also want to thank our distinguished panel for not only taking the time to ap- 
pear before us today, but for their time and effort in preparing this report. 

The title of this report, “Rising Above the Gathering Storm: Energizing and Em- 
ploying America for a Brighter Economic Future,” summarizes the challenge before 
us. 

There is a general uncertainty about our country’s future economic prospects and 
a desire for guidance on how to move forward. I think that the report provided by 
the Panel takes some steps towards providing that guidance. 

A few disturbing facts from the report jumped out at me: 

The large wage disparity between U.S. -based scientists and engineers and their 
competitors in China and India; and 

The 110 chemical facilities that have closed or are slated for closure in the U.S. 
coupled with the 120 large chemical plants currently under construction glob- 
ally — one new plant in the U.S. and 50 in China. 

China is producing more than 600,000 engineers per year. 

As the report notes, “Thanks to globalization, workers in virtually every sector 
must now face competitors who live just a mouse-click away, . . .” I’m left won- 
dering where will the good high-paying jobs be for the next generation — in the U.S. 
or in some other country. 

The report outlines a number of specific actions we can take to improve the inno- 
vation environment in the U.S. Many of these recommendations are familiar to us 
because they are what the Science Committee has advocated in legislation. 

For example, substantial increases in funding for NSF and the Office of Science 
at DOE. In the area of science education, the Committee has authorized scholar- 
ships for math, science and engineering students to obtain teaching certificates as 
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well as the math and science partnership program to improve the training of new 
teachers. 

There seems to he a hroad consensus on what the U.S. should he doing, hut the 
Administration has not followed through in its funding requests. 

This report highlights that our current federal R&D investment strategies are not 
up to meeting the global competitive paradigm of the 21st century. The rec- 
ommendations represent a challenge to the Administration and to Congress to take 
action now. 

I am interested about one of the Panel’s statements which is that some of its rec- 
ommendations “require funds that would ideally come from the re-allocation of ex- 
isting funds.” What is not identified is what funds should be re-allocated or why. 
I hope our witnesses will provide some more detail into the Panel’s thinking. 

We can all agree that more R&D will result in more innovation, but one issue 
not addressed by this report is will it really generate more and better jobs in the 
U.S.? Or will the exploitation of these innovations quickly move to countries with 
lower cost labor? 

I hope the panel has some thoughts on how to ensure that the development of 
new technologies leads to the creation of new jobs in the U.S. One only has to look 
at most types of consumer electronics — the history of VCR technology as an exam- 
ple — to see that we have often lost the economic payoff from technology invented 
here. 

In closing, it seems that we understand the challenges we face and we have agree- 
ment on how to address these challenges. What is lacking is the political will to 
make the investment. 

I would like to point out that his report represents a consensus of panelists rep- 
resenting business, academic, and education leaders. I would challenge the Panel to 
press the Administration and Congress to fund their recommendations. As a nation, 
we cannot afford not to. 

[The prepared statement of Mr. Ehlers follows:] 

Prepared Statement of Representative Vernon J. Ehlers 

I am delighted with the Academy for producing this report, and am pleased that 
the Committee is taking the time to delve into the report’s recommendations and 
proposed implementation. 

For many years, I have stressed the need to increase our national investment in 
fundamental research and education. Despite passing an authorization bill to double 
the budget of the National Science Foundation (NSF) by 2008, we are still falling 
very short of that goal set by Congress in 2002. Each year, the chasm between the 
authorization and appropriation broadens, while at the same time the NSF edu- 
cation budget continues to diminish. But today there are an increasing number of 
voices joining the chorus recognizing the need for change. The voices are louder and 
clearer as the message begins to unify: build our science, technology, engineering 
and math skills, and we will maintain the strength and competitiveness of the 
United States. Business, industry and academic leaders are all drawing attention 
to the connection between our prosperity and a technically-skilled workforce. As we 
see the indications that our science and math education is slipping, we are jeopard- 
izing our quality of life and national security, especially for our children and grand- 
children. Without bolstering our science and technology infrastructure, we cannot 
expect these trends to change. 

There are many challenging questions raised by the report; it will take the strong 
dedication of the Committee and Chair to share these recommendations with a vari- 
ety of stakeholders. I thank the witnesses today for their good work, and encourage 
them and the others they represent to continue to publicize this problem and lobby 
Members of Congress to make national competitiveness a priority through their 
strong support of fundamental research and education. I commend the witnesses for 
being here today, and look forward to continuing to work with you to not only share 
your report recommendations, but to actively seek solutions. 

[The prepared statement of Mr. Costello follows:] 

Prepared Statement of Representative Jerry F. Costello 

Good morning. I want to thank the witnesses for appearing before our committee 
to discuss the report released by the National Academy of Sciences (NAS) on Octo- 
ber 12, 2005 entitled. Rising Above the Gathering Storm: Energizing and Employing 
America for a Brighter Economic Future. I commend Chairman Boehlert and Rank- 
ing Member Gordon for holding this hearing today because the recommendations 
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this report issued will provide our committee with good policy options to explore to 
ensure new ideas and innovation. 

In June of this year, Chairman Boehlert and Ranking Member Gordon wrote to 
NAS to endorse the Senate request for a study of “the most urgent challenges the 
United States faces in maintaining leadership in key areas of science and tech- 
nology,” to provide advice and recommendations for maintaining U.S. leadership in 
science and technology in the face of growing global competition. Today, Americans 
are feeling the effects of globalization because a substantial portion of our workforce 
finds itself in direct competition for jobs with lower-wage workers around the globe. 
It comes as no surprise that high-tech jobs are being out-sourced to foreign countries 
like China and India. Without high-quality, knowledge intensive jobs and the inno- 
vative enterprises that lead to discovery and new technology, our economy will suf- 
fer and our constituents will face a lower standard of living. I am very concerned 
about the issue of off-shoring and out-sourcing and how these trends will affect cur- 
rent scientists and engineers, as well as the future employment opportunities and 
career choices of students. 

A few months ago. Ranking Member Gordon and I hosted our first in a series of 
several bipartisan roundtable discussions to frame what is known and unknown 
about supply and demand for the Science and Technology workforce, outline factors 
that influence supply and demand, and explore policy options. From the first Round- 
table, we learned that it is difficult to determine how many jobs we have lost be- 
cause we do not have sufficient or accurate data on the problem. I believe we have 
to raise awareness of this issue — the federal research and development budget — in 
order to keep high wage science and engineering jobs here in the U.S. 

Despite claims to the contrary by the Administration, the Federal R&D budget 
is not faring well, particularly the non-defense component which has been flat for 
30 years. In FY06, the Administration proposed a 1.4 percent spending reduction 
in the federal science and technology budget. Reductions like this continue to chip 
away at the U.S. research base and jeopardize our economic strength and long-term 
technological competitiveness. Innovation does indeed drive our economic growth, 
but we must have the knowledge base to drive innovation. Encouraging more chil- 
dren in careers in math and science is a needed start but only the beginning. We 
must do better in understanding the global competition facing our science and engi- 
neering workforce. 

I hope this hearing will draw us closer to an answer of how we can ensure the 
U.S. benefits from innovation, compete with foreign scientists and engineers without 
lowering salaries, increase funding for basic research in the physical sciences and 
engineering, and improve teacher recruitment and retention so we can increase stu- 
dent interest levels and their knowledge and understanding of these valuable sub- 
jects. 

I welcome our panel of witnesses and look forward to their testimony. 

[The prepared statement of Ms. Johnson follows:] 

Prepared Statement of Representative Eddie Bernice Johnson 

Thank you, Mr. Chairman and Ranking Member. 

The United States has slashed its federal investment in scientific research. In 
1966, in the Sputnik era, funding for federal research and development as a per- 
centage of gross domestic product was slightly over two percent. In 2005, it is esti- 
mated to be 1.07 percent. 

As a result, scientists are not getting the money they need and are pursuing alter- 
native careers. Young people see the trend and opt not to study science. 

Meanwhile, other nations have ramped up their technical infrastructure and 
workforce. The National Academies’ recent report on the United States and global 
competitiveness found that in Germany, 36 percent of undergraduates receive their 
degrees in science and engineering. In China, the figure is 59 percent, and in Japan 
66 percent. In the United States, the corresponding figure is 32 percent. 

I concur that these are “worrisome indicators” indeed. Our competitiveness is 
quietly slipping. We are a net importer of high technology products, and soon we 
will be a net importer of people with high technology expertise. 

I am glad the National Academies published this report and hope the leadership 
of this Congress will act on these recommendations. Progress is expensive, but decay 
is intolerable. 

[The prepared statement of Mr. Honda follows:] 
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Prepared Statement of Representative Michael M. Honda 

Chairman Boehlert and Ranking Member Gordon, I thank you for holding this im- 
portant hearing today and for requesting that the study “Rising Above the Gath- 
ering Storm: Energizing and Employing America for a Ilrighter Economic Euture” 
be undertaken. 

This report makes a many good recommendations in a number of areas. In the 
area of education, for example, it suggests that we should recruit new science and 
math teachers, that we should strengthen the skills of teachers the math, science, 
and engineering subject areas, and we increase the number of students who take 
math and science courses. 

But what I do not see in the recommendations troubles me. What I think is miss- 
ing is the idea of teaching innovation. 

I’m worried that if we simply try to produce a bunch of new scientists and engi- 
neers with the same skills as the ones who are unemployed back home in my dis- 
trict today, things aren’t going to get any better here. China and India will be able 
to produce more scientists and engineers than us, and if they are paid less, work 
will still be done overseas. 

We have been lucky in the past that a few people who were innately innovative 
and inventive also had enough knowledge in math and science to make break- 
throughs in these areas that started entirely new industries. Skilled scientists and 
engineers have been able to sustain incremental progress in these new industries, 
but the pressure from other nations is growing ever greater. 

While some people are simply blessed with the special skills of innovation and in- 
vention and they have prospered in the past, we need to realize that these skills 
are teachable and bring them into our curriculum. An MIT-Lemelson/NSF study on 
invention recognized this and suggested incorporating innovation into our cur- 
riculum, and Singapore’s Minister of Education has begun to make such changes to 
his own country’s curriculum to prepare his country for the future. 

I hope that the witnesses will address this shortcoming of their report during the 
hearing, and that the Committee will pay attention to this important issue in the 
future. 

[The prepared statement of Mr. Carnahan follows:] 

Prepared Statement of Representative Russ Carnahan 

Mr. Chairman and Mr. Ranking Member, thank you for again bringing this im- 
portant issue to our attention in the Science Committee. 

For years, the U.S. has felt the backlash of an increasingly competitive global 
market, most sharply felt in the loss of jobs as they shift overseas. I applaud the 
effort to look beyond the problems and causes associated with competing in a global 
marketplace and to look toward solutions. 

It is our duty as leaders of this nation to wisely consider options and vigorously 
advocate for the right changes. Our workforce, and thus many of our constituents’ 
livelihoods, depend on it. 

Mr. Augustine, Dr. Vagelos, and Dr. Wulf, thank you for your efforts with this 
report and for appearing before us today. I look forward to hearing your testimony. 

[The prepared statement of Ms. Jackson Lee follows:] 

Prepared Statement of Representative Sheila Jackson Lee 

Mr. Chairman, let me first thank you for holding this important hearing regard- 
ing the recent report published by the National Academy of Sciences. I would also 
like to thank our witnesses, Mr. Augustine, Dr. Vagelos, and Dr. Wulf, for being 
here today. 

The report being presented to us today highlights what is becoming more and 
more apparent in recent years, that the United States is losing footing as the domi- 
nant knowledge, innovation, and business center of the world; our policies are re- 
sulting in the deterioration of our economy. As highlighted in the testimony, an 
overwhelming amount of evidence points to this. Students today are less prepared 
to face the global market than they once were, and foreign students are becoming 
more and more prepared. The most glaring statistic to me contained in the testi- 
mony was that in 2003, foreign students earned almost 60 percent of engineering 
doctorates awarded in U.S. universities! 

Our children today are not being given the tools necessary to compete in the world 
of tomorrow. We are not giving them the proper training, the proper teachers or in- 
centive to succeed. This is an issue that must cross party lines and rest at the heart 
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of all Americans because this is about the future strength of our nation. We became 
the world’s greatest economic power through innovation and education, and today 
we must renew that challenge to push the boundaries of discovery. 

The importance of a strong scientific and technological enterprise is a primary fac- 
tor in driving economic growth. Substantial and sustained U.S. investments in re- 
search and education over the last 50 years spawned an abundance of technological 
breakthroughs that transformed American society and helped the U.S. to become 
the world’s dominant economy. Economists estimate that these technological ad- 
vances have been responsible for half of U.S. economic growth since the end of 
World War II. The relationship between innovation and economic growth has only 
grown in recent years as the world shifts to an increasingly knowledge-based econ- 
omy. In an age where information travels around the world at previously unimagi- 
nable speeds, the United States must continue to stay steps ahead of everyone else. 
This means that status quo policies on education will not work. 

At the same time, other nations — particularly emerging nations such as China 
and India — have recognized the importance of science and technology to economic 
growth, and are pouring resources into their scientific and technological infrastruc- 
ture, rapidly building their human capital and dramatically increasing their ability 
to compete with U.S. businesses on the world stage. 

As was mentioned in the testimony, there unfortunately will not be a Sputnik- 
like event, where the United States gets a powerful wakeup call. Instead, our de- 
cline in competitiveness is occurring slowly, and from a combination of many factors. 
The foundation our mothers and fathers laid for us slowly crumbles around us. This 
is why I find this hearing to be so important. We as the Federal Government must 
ensure that our nation does not lag behind in innovation and discovery. We must 
ensure that our children are properly prepared to face the increasingly challenging 
global market. Finally, we must continue to ensure that we in the United States 
continue to be the Nation that sets the bar for everyone else. 

I would again like to thank our witnesses for being here today, and I look forward 
to an open and enlightened conversation on the powerful suggestions made in this 
report. 

[The prepared statement of Mr. Baird follows:] 

Prepared Statement of Representative Brian Baird 

Mr. Chairman, I would like to thank you and Ranking Member Gordon for raising 
importance to the issue of math and science education as it relates to scientific and 
technological competitiveness. I would also like to thank the witnesses — Mr. Augus- 
tine, Dr. Vagelos, and Dr. Wulf — for testifying today on the recently released Na- 
tional Academy of Sciences report entitled, “Rising Above the Gathering Storm: En- 
ergizing and Employing America for a Brighter Economic Future.” One of the rec- 
ommendations made in this report is to vastly improve K-12 math and science edu- 
cation. I could not agree more. This should be one of the highest priorities of the 
Federal and State governments and I look forward to reviewing the testimony of our 
witnesses and the specific recommendations from this report to translate these rec- 
ommendations into Congressional action. 

With the topic of today’s discussion centering around science competitiveness, it 
could not be more appropriate to honor a guest visiting the Committee today, as she 
can speak directly to the importance of a quality science education — and she can do 
so quite well I might add. This honoree is Neela Thangada, the winner of the Dis- 
covery Channel Young Scientist Challenge, and her mother, Mrudula Rao 
Thangada. Neela was named “Top Young Scientist” at an awards ceremony yester- 
day evening for her project, “Effects of Various Nutrient Concentrations on the 
Cloning of the Eye of the Solanum Tuberosum at Multiple Stages” or, in la 3 Tnen’s 
terms, she set out to explore potato cloning. 

I had the chance to meet with her and her mother before the hearing, and was 
impressed with her enthusiasm for science and discovery and her ability to effec- 
tively speak about her research. She is indeed an incredible young lady. 

Her trip to the House Science Committee today from her home in Texas was the 
result of an important public-private partnership initiated by the Discovery Chan- 
nel. Every year since 1999, Discovery has launched the competition in partnership 
with Science Service to nurture the next generation of American scientists at a crit- 
ical age when interest in science begins to decline. The cutting-edge competition 
gives 40 of the Nation’s top middle school students the opportunity to demonstrate 
their scientific know-how and push the limits of their knowledge in the quest for 
the title of America’s “Top Young Scientist of the Year.” 
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More than 9,600 middle school students have formally entered the Challenge 
since its inception, and these students are drawn from an initial pool of 75,000 stu- 
dents annually. Previous winners have attained more than $500,000 in scholarship 
awards and participated in science-related trips that have taken them to the far cor- 
ners of the globe, from the Galapagos Islands to the Ukraine. 

This year’s finalists traveled to Washington, D.C., to compete in team-based, 
interactive challenges designed around the theme of “Forces of Nature.” In the wake 
of the recent natural disasters that ravaged the Gulf Coast of the United States and 
Southeast Asia, each student faced simulated challenges — from fog banks to hurri- 
canes to tsunamis — that utilized their broad range of knowledge in order to under- 
stand the implications and scope of natural disasters. 

Public-private partnerships such as these exist to challenge and engage our stu- 
dents and we must continue to support such programs. However, we must also bet- 
ter prepare and inspire our math and science teachers to provide the highest-quality 
education for all students throughout the country. We can start by implementing 
some of the recommendations laid out here today. 

Chairman BOEHLERT. Thank you very much. 

And you will notice the similarity in theme between, you know, 
this is not a division. The center of this committee separating the 
Democrats from the Republicans doesn’t separate us at all on the 
importance of the subject matter today. This is something that Mr. 
Gordon and I and every single Member of this committee, on both 
sides, believe passionately in and work, we think, hopefully, effec- 
tively on. And that is why we welcome what you bring to the table. 
And we want to give it as much attention as possible. 

I would suggest that this probably, if we are looking on the 
grand scheme of things on the Hill today of what is going on, there 
is probably no more important discussion than the one we are hav- 
ing right here. And quite frankly, it doesn’t have a lot of sex appeal 
for a lot of the media. And so we don’t get a lot of coverage. I don’t 
care if they print what I say, but I darn sure care about printing 
what you guys are going to say to us. That message has to get out. 

And the other observation I would make, and we have had it in 
private conversations, but I will make it again for the official 
record, I know that some of the captains of industry, in circles you 
travel, you know and they know and we know that we have got to 
do better. And in the polite conversation we have at these various 
functions, they will talk about such needs as getting back to the 
basics of greatly improving K-12 science and math education. 
There is no more basic building block for the foundation of the fu- 
ture development of this nation than that. And they will talk to me 
all of the time about it. Some of the great names in the captains 
of industry will talk to me about that. And then they will talk to 
me about the importance of our investment in long-range research, 
about how magnificent the National Science Foundation is, spon- 
soring university-based research, and why we need young scholars 
like I have been privileged to introduce here today to inspire them 
to greater heights. And I say to them, “You know what?” I have 
told these guys, “You people have got more lobbyists running 
around this Hill, high-priced lobbyists who know what they are 
doing, and they are very smart, and they are very effective, and 
they knock on the door and they come in. You know, they don’t 
come in to talk to me about the importance of K-12 science and 
math education or investing more in the science enterprise. They 
are in to discuss the latest tweaking needed in the tax policy or the 
adjustment necessary for trade policy. They are thinking of the mo- 
ment and the bottom line for the next quarterly statement.” And 
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I understand that. But there is never enough time to get to the sec- 
ond part of their agenda, which is what we are discussing today. 

So that is why I think this is very important, and that is why 
I applaud what you have done, and so does Mr. Gordon. I mean, 
we have had conversation about your work, and boy, we couldn’t 
be happier. And we just want to try to — we are going to play the 
role of dentist this morning and sort of pull from you some new 
ideas on what we can do beyond the report, because this town is 
filled with reports that have gone on for years and the libraries of 
the various Committee rooms and offices have reports that are 
gathering dust. They read them initially and say, “Oh, what a 
great report,” and then go on to the next thing and never go back 
to look at the report. 

I pledge to you, and I think I can do it for both of us, that we 
are going to follow through, because some of the things that you 
have mentioned here we are already doing, but we are nickel-and- 
diming the issue. We have got to make some substantial invest- 
ments, and it is an investment that is going to pay handsome divi- 
dends. 

With that, let me present our distinguished panel. 

Mr. Norman Augustine, Retired Chairman and CEO, Lockheed 
Martin Corporation. Mr. Augustine is a frequent visitor to this 
committee and to Capitol Hill and has served in so many capacities 
in government and in the private sector with great distinction. Dr. 
P. Roy Vagelos, Retired Chairman and CEO, Merck & Company. 
And Doctor, you are preceded by your reputation, and we thank 
you for the great work you are doing. And a dear friend of long 
standing who is constant counsel for this committee. Dr. William 
Wulf, President of the National Academy of Engineering. 

Every day, what good comes from government usually comes be- 
cause government has the common sense, to work with leaders in 
the private sector to interact and to be guided and to develop an 
agenda that offers some positive approaches to some thorny prob- 
lems. And we have before us three people who are always there to 
propose workable solutions. And for that, we are eternally grateful. 

With that, let me say the general rule, and you know the ground 
rules, is don’t get nervous when the light comes on, but we would 
ask that you summarize your opening statement. And I’m not even 
going to put an arbitrary time limit on it, because this is so impor- 
tant and you are the only panel. And we will go right to it. 

With that, Mr. Chairman, the floor is yours. 

STATEMENT OF MR. NORMAN R. AUGUSTINE, RETIRED 
CHAIRMAN AND CEO, LOCKHEED MARTIN CORPORATION 

Mr. Augustine. Well, thank you, Mr. Chairman, and Members 
of the Committee. And I thank you in particular for all of your ef- 
forts in this area in the past — really, it was by virtue of your com- 
mittee and your colleagues in the Senate that gave us the oppor- 
tunity to take on our study. And we, all 20 members, I can assure 
you, feel very compassionate about the topic. 

Also, I would like to congratulate Neela. My congratulations and 
ours. She is an example to why we are here. 

I would, Mr. Chairman, with your permission, like to submit a 
longer statement for the record and brief 



34 


Chairman BOEHLERT. Without ohjection, your entire statement 
will appear in the record. And summarize it in any manner you 
think is appropriate. 

Mr. Augustine. Thank you very much. 

The thrust of our committee’s findings are fairly straightforward. 
They would begin by saying that we conclude that individuals’ 
prosperity, the prosperity of individuals, depends veiy heavily upon 
the quality of the jobs they can hold. And collectively, our pros- 
perity depends very heavily on the tax revenues that our govern- 
ment can acquire, which, in turn, depend upon the quality of the 
jobs our citizens can hold. So quality jobs are at the root of our dis- 
cussions. 

But there has been a major change brought about by technology 
largely in this scenario. That change some people refer to as the 
“death of distance”. And it has been brought about by the advent 
of advanced information processing, storage and transmissions that 
have made those functions almost free in today’s world. What that 
means is that jobs that used to have to be performed by people who 
are in near proximity to their work or to each other now can be 
performed by people all around the world. And that, in turn, means 
that Americans, when they compete for jobs, will no longer compete 
with their neighbors. They will compete with people throughout the 
globe. And that is true not only at the so-called lower end of the 
job spectrum, it will be true throughout the job spectrum. This is 
in a world where there are three billion new capitalists who have 
appeared in the last 15 years since the end of the Cold War. 

The United States operates at a considerable disadvantage today 
in this competition for jobs. You could — I was in Vietnam recently. 
You could hire 20 assembly workers for the minimum U.S. wage. 
In India today, you could hire 11 engineers for the cost of one in 
the United States. And they are very good engineers. Many of them 
trained at our universities. 

And as I said, few jobs are safe. Today, if you go to many hos- 
pitals in this country and have a CAT scan or an X-ray, there is 
a fair chance it will be read by a physician in Bangalore. Similarly, 
there is an office very near to where we are now that, if you go in 
their building, they have a fiat screen on the wall, and their recep- 
tionist there very pleasantly helps you find the person you are sup- 
posed to go see and controls access to the building. She is in Ban- 
galore. I am sure you are familiar with many other examples of 
this type. 

Is this not good that the rest of the world is prospering? And our 
committee’s conclusion is a resounding yes. It will make the world 
safer. It will create more customers for our products, and it will 
create less costly products for our consumers. But as with all times 
of tectonic changes, there are likely to be winners, and there are 
likely to be losers. And our committee’s goal is to help assure that 
America will be among the winners. 

There is an enigma, and your quote from Hemingway, Mr. Chair- 
man, summarizes it better than I am able to do it. But we are in 
an environment where we are not likely to see sudden warnings 
such as we had on 9/11, Pearl Harbor, Sputnik. It is more like the 
proverbial frog being gradually boiled. Thomas Friedman has sum- 
marized by saying, in his great book “The World is Flat,” 



35 


globalization has “accidentally made Beijing, Bangalore, and Be- 
thesda next door neighbors.” And indeed, when it comes to seeking 
a job, those jobs are just a mouse click away to many people 
throughout the world. 

We operate at a severe disadvantage in the labor cost area, but 
there are other indicators that are not particularly good, either. 
One of the things that has been keeping us going, as this com- 
mittee knows so well, in the area of science, has been the number 
of very talented foreign-born individuals who have chosen to come 
to America and live and work here. Today, 38 percent of the Ph.D.s 
in America working in science and technology are foreign-born. 
Fifty-nine percent of last year’s doctorates in engineering were for- 
eign students, and that is at U.S. universities. 

But if you look at how we are doing ourselves with our native- 
born population, a recent test of mathematical understanding 
among about tenth grade students conducted in various nations of 
the world, the United States was in 27th place. 

This sort of thing is propagating into the industrial world where 
last year U.S. chemical companies closed 70 plants in the United 
States. They have earmarked 40 more to close. At the same time, 
there are 120 new chemical plants being built in the world, each 
with a price tag of $1 billion or more. Of those, one is in the tJnited 
States and 50 are in China. 

U.S. companies now spend more money on litigation and related 
costs than they spend on research and development, Mr. Gordon, 
to your point. These are trends that we can not long survive. And 
as we know, once you lose your lead in R&D, it takes a very long 
time to recover it, if, indeed, one can at all. 

The committee that we assembled through the auspices of the 
National Academies included 20 members, four or five CEOs or 
former CEOs of Fortune 100 companies, three nobel laureates, 
presidents of five or six major universities, several former presi- 
dential appointees, as far as I know, from both parties. We didn’t 
ask that question. And they, as you said, Mr. Chairman, with re- 
gard to your committee, come together in a spirit of unanimity on 
each of the issues that we have discussed. 

I will close my opening remarks by indicating that we have pro- 
vided four recommendations. They tend to be rather broad. We 
have backed them with 20 quite specific implementing actions, 
things you can go do, some of which you are doing, some of which 
we do need to do more of 

Of the four general recommendations, the one that all 20 of us 
agree is the highest priority, is to fix the K-12 science and tech- 
nology education system in this country, public education. Secondly 
is to put more money into basic research in specific fields, namely 
into the physical sciences, mathematics, engineering, and computer 
sciences. This should be done not to disinvest in the health and bio- 
logical sciences, which are very important, but they have just seen 
a period of major investment. Thirdly, to encourage more students 
to study math and science and engineering and to make it easier 
to attract foreign students to study and stay in our country in 
those fields. And then lastly, to create an environment that makes 
the United States an attractive place for innovation that will at- 
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tract companies from abroad as well as our own companies to in- 
vest here rather than abroad. 

So with that opening, I will turn to my colleagues and thank you 
for this opportunity. And we look forward to your questions. 

[The prepared statement of Mr. Augustine follows:] 

Prepared Statement of Norman R. Augustine 

Mr. Chairman and Members of the Committee, 

Thank you for this opportunity to appear before you on behalf of the National 
Academies’ Committee on Prospering in the Global Economy of the 21st Century. 
As you know, our effort was sponsored by the National Academy of Sciences, Na- 
tional Academy of Engineering and Institute of Medicine (collectively known as the 
National Academies). The National Academies were chartered by Congress in 1863 
to advise the government on matters of science and technology. 

The Academies were requested by Senator Alexander and Senator Jeff Bingaman, 
members of the Senate Committee on Energy and Natural Resources to conduct an 
assessment of America’s ability to compete and prosper in the 21st century — and to 
propose appropriate actions to enhance the likelihood of success in that endeavor. 
This request was endorsed by Representatives Sherwood Boehlert and Bart Gordon 
of the House Committee on Science. 

To respond to that request the Academies assembled 20 individuals with diverse 
backgrounds, including university presidents, CEOs, Nobel Laureates and former 
presidential appointees. The result of our committee’s work was examined by over 
forty highly qualified reviewers who were also designated by the Academies. In un- 
dertaking our assignment we considered the results of a number of prior studies 
which were conducted on various aspects of America’s future prosperity. We also 
gathered sixty subject-matter experts with whom we consulted for a weekend here 
in Washington and who provided recommendations related to their fields of spe- 
cialty. 

It is the unanimous view of our committee that America today faces a serious and 
intensifying challenge with regard to its future competitiveness and standard of liv- 
ing. Further, we appear to be on a losing path. We are here today hoping both to 
elevate the Nation’s awareness of this developing situation and to propose construc- 
tive solutions. 

The thrust of our findings is straightforward. The standard of living of Americans 
in the years ahead will depend to a very large degree on the quality of the jobs that 
they are able to hold. Without quality jobs our citizens will not have the purchasing 
power to support the standard of living which they seek, and to which many have 
become accustomed; teix revenues will not be generated to provide for strong na- 
tional security and health care; and the lack of a vibrant domestic consumer market 
will provide a disincentive for either U.S. or foreign companies to invest in jobs in 
America. 

What has brought about the current situation? The answer is that the prosperity 
equation has a new ingredient, an ingredient that some have referred to as “The 
Death of Distance.” In the last century, breakthroughs in aviation created the op- 
portunity to move people and goods rapidly and efficiently over very great distances. 
Bill Gates has referred to aviation as the “World Wide Web of the 20th century.” 
In the early part of the present century, we are approaching the point where the 
communication, storage and processing of information are nearly free. That is, we 
can now move not only physical items efficiently over great distances, we can also 
transport information in large volumes and at little cost. 

The consequences of these developments are profound. Soon, only those jobs that 
require near-physical contact among the parties to a transaction will not be opened 
for competition from job seekers around the world. Further, with the end of the Cold 
War and the evaporation of many of the political barriers that previously existed 
throughout the world, nearly three billion new, highly motivated, often well edu- 
cated, new capitalists entered the job market. 

Suddenly, Americans find themselves in competition for their jobs not just with 
their neighbors but with individuals around the world. The impact of this was ini- 
tially felt in manufacturing, but soon extended to the development of software and 
the conduct of design activities. Next to be affected were administrative and support 
services. Today, “high end” jobs, such as professional services, research and manage- 
ment, are impacted. In short, few jobs seem “safe”: 
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• U.S. companies each morning receive software that was written in India over- 
night in time to be tested in the U.S. and returned to India for further pro- 
duction that same evening — making the 24-hour workday a practicality. 

• Back-offices of U.S. firms operate in such places as Costa Rica, Ireland and 
Switzerland. 

• Drawings for American architectural firms are produced in Brazil. 

• U.S. firm’s call centers are based in India — where employees are now being 
taught to speak with a mid-western accent. 

• U.S. hospitals have X-rays and CAT scans read by radiologists in Australia 
and India. 

• At some McDonald’s drive-in windows orders are transmitted to a processing 
center a thousand miles away (currently in the U.S.), where they are proc- 
essed and returned to the worker who actually prepares the order. 

• Accounting firms in the U.S. have clients tax returns prepared by experts in 
India. 

• Visitors to an office not far from the White House are greeted by a recep- 
tionist on a flat screen display who controls access to the building and ar- 
ranges contacts — she is in Pakistan. 

• Surgeons sit on the opposite side of the operating room and control robots 
which perform the procedures. It is not a huge leap of imagination to have 
highly-specialized, world-class surgeons located not just across the operating 
room but across the ocean. 

As Tom Friedman concluded in The World is Flat, globalization has “accidentally 
made Beijing, Bangalore and Bethesda next door neighbors.” And the neighborhood 
is one wherein candidates for many jobs which currently reside in the U.S. are now 
just a “mouse-click” away. 

How will America compete in this rough and tumble global environment that is 
approaching faster than many had expected? The answer appears to be, “not very 
well” — unless we do a number of things differently from the way we have been doing 
them in the past. 

Why do we reach this conclusion? One need only examine the principal ingredi- 
ents of competitiveness to discern that not only is the world flat, but in fact it may 
be tipping against us. 

One major element of competitiveness is, of course, the cost of labor. I recently 
traveled to Vietnam, where the wrap rate for low-skilled workers is about twenty- 
five cents per hour, about one-twentieth of the U.S. minimum wage. And the prob- 
lem is not confined to the so-called “lower-end” of the employment spectrum. For 
example, five qualified chemists can be hired in India for the cost of just one in 
America. Given such enormous disadvantages in labor cost, we cannot be satisfied 
merely to match other economies in those other areas where we do enjoy strength; 
rather we must excel . . . markedly. 

The existence of a vibrant domestic market for products and services is another 
important factor in determining our nation’s competitiveness, since such a market 
helps attract business to our shores. But here, too, there are warning signs: Gold- 
man Sachs analysts project that within about a decade, fully 80 percent of the 
world’s middle-income consumers will live in nations outside the currently industri- 
alized world. 

The availability of financial capital has in the past represented a significant com- 
petitive advantage for America. But the mobility of financial capital is legion, as evi- 
denced by the willingness of U.S. firms to move factories to Mexico, Vietnam and 
China if a competitive advantage can be derived by doing so. Capital, as we have 
observed, crosses geopolitical borders at the speed of light. 

Human capital — the quality of our work force — is a particularly important factor 
in our competitiveness. Our public school system comprises the foundation of this 
asset. But as it exists today, that system compares, in the aggregate, abysmally 
with those of other developed — and even developing — nations . . . particularly in the 
fields which underpin most innovation: science, mathematics and technology. 

Of the utmost importance to competitiveness is the availability of knowledge cap- 
ital — “ideas.” And once again, scientific research and engineering applications are 
crucial. But knowledge capital, like financial capital, is highly mobile. There is one 
major difference: being first-to-market, by virtue of access to new knowledge, can 
be immensely valuable, even if by only a few months. Craig Barrett, a member of 
our committee and Chairman of Intel, points out that 90 percent of the products 
his company delivers on December 31st did not even exist on January 1st of that 
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same year. Such is the dependence of hi-tech firms on being at the leading edge of 
scientific and technological progress. 

There are of course many other factors influencing our nation’s competitiveness. 
These include patent processes, tax policy and overhead costs — such as health care, 
regulation and litigation — all of which tend to work against us today. On the other 
hand, America’s version of the Free Enterprise System has proven to be a powerful 
asset, with its inherent aggressiveness and discipline in introducing new ideas and 
flushing out the obsolescent. But others have now recognized these virtues and are 
seeking to emulate our system. 

But is it not a good thing that others are prospering? Our committee’s answer to 
that question is a resounding “yes.” Broadly based prosperity can make the world 
more stable and safer for all; it can make less costly products available for American 
consumers; it can provide new customers for the products we produce here. Yet it 
is inevitable that there will be relative winners and relative losers — and as the 
world prospers, we should seek to assure that America does not fall behind in the 
race. 

The enigma is that in spite of all these factors, America seems to be doing quite 
well just now. Our nation has the highest R&D investment intensity in the world. 
We have indisputably the finest research universities in the world. California alone 
has more venture capital than any nation in the world other than the United States. 
Two million jobs were created in America in the past year alone, and citizens of 
other nations continue to invest their savings in America at a remarkable rate. 
Total household net worth is now approaching $50 trillion. 

The reason for this prosperity is that we are reaping the benefits of past invest- 
ments — many of them in the fields of science and technology. But the early indica- 
tors of future prosperity are generally heading in the wrong direction. Consider the 
following: 

• For the cost of one engineer in the United States, a company can hire 11 in 
India. 

• America has been depending heavily on foreign-born talent. Thirty-eight per- 
cent of the scientists and engineers in America holding doctorates were born 
abroad. Yet, when asked in the spring of 2005, what are the most attractive 
places in the world in which to live, respondents in only one of the countries 
polled indicated the U.S.A. 

• Chemical companies closed seventy facilities in the U.S. in 2004, and have 
tagged forty more for shutdown. Of 120 new chemical plants being built 
around the world with price tags of $1 billion or more, one is in the U.S. Fifty 
are in China. 

• In 1997 China had fewer than 50 research centers managed by multi-national 
corporations. By 2004 there were over 600. 

• Two years from now, for the first time, the most capable high-energy particle 
accelerator on Earth will reside outside the United States. 

• The United States today is a net importer of high technology products. The 
U.S. share of global high tech exports has fallen in the last two decades from 
30 percent to 17 percent, while America’s trade balance in high tech manufac- 
tured goods shifted from a positive $33B in 1990 to a negative $24B in 2004. 

• In a recent international test involving mathematical understanding, U.S. 
students finished in 27th place among the nations participating. 

• About two-thirds of the students studying chemistry and physics in U.S. high 
schools are taught by teachers with no major or certificate in the subject. In 
the case of math taught in grades five through 12, the fraction is one-half. 
Many such students are being taught math by graduates in physical edu- 
cation. 

• In one recent period, low-wage employers like Wal-Mart (now the Nation’s 
largest employer) and McDonald’s created 44 percent of all new jobs. High- 
wage employers created only 29 percent. 

• In 2003 foreign students earned 59 percent of the engineering doctorates 
awarded in U.S. universities. 

• In 2003 only three American companies ranked among the top 10 recipients 
of patents granted by the U.S. Patent Office. 

• In Germany, 36 percent of undergraduates receive their degrees in science 
and engineering. In China, the corresponding figure is 59 percent, and in 
Japan it is 66 percent. In the U.S., the share is 32 percent. In the case of 
engineering, the U.S. share is five percent, as compared with 50 percent in 
China. 
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• The United States is said to have over 10 million illegal immigrants, but the 
number of legal visas set-aside annually for “highly qualified foreign workers” 
was recently dropped from 195,000 per year down to 65,000. 

• At a time when the world’s nations are clamoring to obtain science and engi- 
neering talent, U.S. law will grant a visa for outstanding foreign students to 
attend U.S. universities only if they promise they will go home when they 
graduate. 

• In 2001 (the most recent year for which data are available), U.S. industry 
spent more on tort litigation and related costs than on research and develop- 
ment. 

As important as jobs are, the impact of these circumstances on our nation’s secu- 
rity could be even more profound. In the view of the bipartisan Hart-Rudman Com- 
mission on National Security, “. . .the inadequacies of our system of research and 
education pose a greater threat to U.S. national security over the next quarter cen- 
tury than any potential conventional war that we might imagine.” 

The good news is that there are things we can do to assure that America does 
in fact share in the prosperity that science and technology are bringing the world. 
In this regard, our committee has made four broad recommendations as the basis 
of a prosperity initiative — and offers 20 specific actions to make these recommenda- 
tions a reality. They include: 

o “Ten Thousand Teachers, Ten Million Minds” — which addresses America’s K- 
12 education system. We recommend that America’s talent pool in science, 
math and technology be increased by vastly improving K-12 education. 
Among the specific steps we propose are: 

• Recruitment of 10,000 new science and math teachers each year through 
the award of competitive scholarships in math, science and engineering 
that lead to a Bachelor’s degree accompanied by a teaching certificate — 
and a five-year commitment to teach in a public school. 

• Strengthening the skills of 250,000 current teachers through funded 
training and education in part-time Master’s programs, summer insti- 
tutes and Advanced Placement training programs. 

• Increasing the number of students who take Advanced Placement science 
and mathematics courses. 

o “Sowing the Seeds” — which addresses America’s research base. We rec- 
ommend strengthening the Nation’s traditional commitment to long-term 
basic research through: 

• Increasing federal investment in research by 10 percent per year over the 

next seven years, with primary attention devoted to the physical sciences, 
engineering, mathematics, and information sciences — without 

disinvesting in the health and biological sciences. 

• Providing research grants to early career researchers. 

• Instituting a National Coordination Office for Research Infrastructure to 
oversee the investment of an additional $500M per year for five years for 
advanced research facilities and equipment. 

• Allocating at least eight percent of the existing budgets of federal re- 
search agencies to discretionary funding under the control of local labora- 
tory directors. 

• Creation of an Advanced Research Projects Agency-Energy (ARPA-E), 
modeled after DARPA in the Department of Defense, reporting to the De- 
partment of Energy Undersecretary for Science. The purpose is to support 
the conduct of out-of-the-box, transformational, generic, energy research 
by universities, industry and government laboratories. 

• Establish a Presidential Innovation Award to recognize and stimulate sci- 
entific and engineering advances in the national interest. 

o “Best and Brightest” — which addresses higher education. In this area we rec- 
ommend: 

• Establishing 25,000 competitive science, mathematics, engineering, and 
technology undergraduate scholarships and 5,000 graduate fellowships in 
areas of national need for U.S. citizens pursuing study at U.S. univer- 
sities. 

• Providing a federal tax credit to employers to encourage their support of 
continuing education. 
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• Providing a one-year automatic visa extension to international students 
who receive a science or engineering doctorate at a U.S. university, and 
providing automatic work permits and expedited residence status if these 
students are offered employment in the U.S. 

• Instituting a skill-hased, preferential immigration option. 

• Reforming the current system of “deemed exports” so that international 
students and researchers have access to necessary non-classified informa- 
tion or research equipment while studying and working in the U.S. 

o “Incentives for Innovation” — in which we address the innovation environment 
itself. We recommend: 

• Enhancements to intellectual property protection, such as the adoption of 
a first-to-file system. 

• Increasing the R&D tax credit from the current 20 percent to 40 percent, 
and making the credit permanent. 

• Providing permanent tax incentives for U.S. -based innovation so that the 
United States is one of the most attractive places in the world for long- 
term innovation-related investments. 

• Ensuring ubiquitous broadband Internet access to enable U.S. firms and 
researchers to operate at the state-of-the-art in this important technology. 

It should be noted that we are not confronting a so-called “typical” crisis, in the 
sense that there is no 9/11, Sputnik or Pearl Harbor to alert us as a nation. Our 
situation is more akin to that of the proverbial frog being slowly boiled. Nonetheless, 
while our committee believes the problem we confront is both real and serious, the 
good news is that we may well have time to do something about it — if we start now. 

Americans, with only five percent of the world’s population but with nearly 30 
percent of the world’s wealth, tend to believe that scientific and technological leader- 
ship and the high standard of living it underpins is somehow the natural state of 
affairs. But such good fortune is not a birthright. If we wish our children and grand- 
children to enjoy the standard of living most Americans have come to expect, there 
is only one answer: We must get out and compete. 

I would like to close my remarks with a perceptive and very relevant poem. It 
was written by Richard Hodgetts, and eloquently summarizes the essence of innova- 
tion in the highly competitive, global environment. The poem goes as follows: 

Every morning in Africa a gazelle wakes up. It knows it must outrun the fastest 
lion or it will be killed. 

Every morning in Africa a lion wakes up. It knows it must outrun the slowest 
gazelle or it will starve. 

It doesn’t matter whether you’re a lion or a gazelle — when the sun comes up, 
you’d better be running. 

And indeed we should. 

Thank you for providing me with this opportunity to testify before the Committee. 
I would be pleased to answer any questions you have about the report. 

Response to House Committee on Science Questions 

1. How did the study panel arrive at the recommended 10 percent annual 
increase in federally-sponsored basic research over the next seven 
years? What other options did the panel consider and what led to the 
choice of 10 percent? 

After reviewing the proposals for enhanced research funding that have been made 
in recent years, the committee concluded that a 10 percent annual increase over a 
seven-year period would be appropriate. This achieves the doubling that was in 
principle part of the NSF Authorization Act of 2002 approved by Congress and the 
President, but would expand it to other agencies and focus that increase on the 
physical sciences, engineering, mathematics, and the information sciences as well as 
DOD basic research. 

The committee viewed enhanced funding in these fields as urgent. It chose the 
10 percent level and seven-year time frame as the best way for these funds to be 
spent effectively. The base for this doubling (federal funding for the fields listed plus 
DOD basic research — not including the specified fields so there is no double-count- 
ing) was approximately $8 billion in FY 2004. 
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By taking this action, the balance of the Nation’s research portfolio in fields that 
are essential to the generation of both ideas and skilled people for the Nation’s econ- 
omy and national/homeland security would be restored. That does not mean that 
there should be a disinvestment in such important fields as the life sciences (which 
have in fact seen growth in recent years) or the social sciences. A balanced research 
portfolio in all fields of science and engineering research is critical to U.S. pros- 
perity. 

As indicated in the National Academies Committee on Science, Engineering, and 
Public Policy’s (COSEPUP) 1993 report Science, Technology, and the Federal Gov- 
ernment: National Goals for a New Era 

The United States needs to be among the world leaders in all fields of research 
so that it can 

• Bring the best available knowledge to bear on problems related to na- 
tional objectives even if that knowledge appears unexpectedly in a field 
not traditionally linked to that objective. 

• Quickly recognize, extend, and use important research results that occur 
elsewhere. 

• Prepare students in American colleges and universities to become leaders 
themselves and to extend and apply the frontiers of knowledge. 

• Attract the brightest young students. ^ 

2. How did the study panel arrive at the recommended eight percent allo- 
cation within each federal research agency’s budget to be managed at 
the discretion of technical program managers to catalyze high-risk, 
high-payoff research? What other options did the panel consider and 
what led to the choice of eight percent? 

The committee found that at many agencies approximately one to three percent 
of a program’s budget is to be managed at the discretion of the program managers. 
The committee believes, as shown through the Defense Advanced Research Projects 
Agency (DARPA) model, that more risky research that crosses disciplinary lines can 
be funded by using the “strong program manager” approach as is the case at 
DARPA. Some committee members believed that five percent was sufficient, others 
10 percent — in the end a compromise was reached at eight percent. The committee 
is flexible about the specific number as long as the goal of catalyzing high-risk, 
high-payoff research (as opposed to incremental research) is achieved. Experience 
shows that research investments of this type are exceptionally highly leveraged. 

3. Industry and government have both developed numerous energy pro- 
duction and energy efficiency technologies that have not been deployed. 
How did the study panel arrive at its implicit conclusion that technology 
development is the greater bottleneck (as opposed to policy) in devel- 
oping energy systems for a 21st century economy? 

The committee believes that both policy and technology play a role in responding 
to the Nation’s need for clean, affordable, and reliable energy. 

While the implementation of some technologies, such as nuclear energy, is dis- 
couraged by policy, we still face environmental and safety challenges only science 
and engineering research can ameliorate — even if policy-makers were willing to de- 
ploy that technology today. There are no doubt questions of cost and policy that af- 
fect use of various energy technologies. When was the last nuclear plant commis- 
sioned? But those policy decisions are often directly linked to technical capabilities 
or the absence thereof. No ‘final’ solutions without serious problems are waiting in 
the wings for policy changes. Nuclear energy is an (the) important potential source 
of energy but it has security and waste disposal/storage problems that have not been 
handled satisfactorily. That is a prime example of a policy problem that requires re- 
search to unlock it. 

Similarly, the Nation, as the report indicates, has made substantial strides in effi- 
ciency, but much more can be done. Yes there is existing efficiency technology that 
can be deployed, and, following market forces if oil prices do not return to recent 
levels, will probably be used increasingly. 

As a result, the Nation will not significantly decrease energy dependence without 
technology — policy changes alone are insufficient. The production of electricity and 
mobility on a worldwide basis cannot go on for ever in their present form. This coun- 
try is running a significant risk of remaining substantially dependent on foreign oil. 


1 COSEPUP. 1993. Science, Technology, and the Federal Government: National Goals for a 
New Era. Washington, DC: National Academy Press. 
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The history of science and technology suggests that radical new solutions may 
well be available. The field of energy has not been viewed as exciting by a genera- 
tion of engineering students. The time required to effect an energy solution from re- 
search to implementation is considerable. The rate of growth of the energy problem 
(usage) worldwide is likely to have profound effects. 

We believe that the Advanced Research Projects Agency (ARPA-E) proposed by 
the committee can jump start new approaches to high risk/high payoff research of 
the type that DARPA has historically performed to great effect for the military. It 
can capture the talents of outstanding young people in industry and academia. 
DARPA is a demonstrably effective approach to advanced research and develop- 
ment, and Energy is one of the most important challenges to our nation’s future. 

4. Recent surveys of industry suggest that basic research performed at uni- 
versities and transformational technological innovation have only a very 
limited impact on the success of individual companies. Is the impact of 
research and innovation different for the economy as a whole than it is 
for individual companies? 

There is broad consensus among economists that for decades the growth of the 
U.S. economy has been driven by technological advances and innovation. These 
come almost exclusively from two sources — companies and universities. Companies 
are devoting fewer and fewer resources to longer-term research that contributes to 
the common base of technology that is available to all; i.e., work that improves our 
national capacity but doesn’t necessarily directly drive that company’s profits. Uni- 
versities are increasingly the only avenue for the research that will lead to fun- 
damentally new things and to a highly-educated workforce. Most large companies 
now strive for a large percentage of their products to have been developed within 
the last two or three years. This requires constant and focused innovation. The im- 
mediate crowds out the strategic. 

Truly transformational technologies do not come along every day, and cannot be 
readily predicted. But one thing is certain — if we do not invest in research and ad- 
vanced training for scientists and engineers, they will not occur at all — at least not 
in the United States. 

Because of this, the committee disagrees with the first premise in the question. 
Industry gains not only from the new knowledge generated as a result of academic 
research, but also from the skilled people generated as a result of research. 

Although many industries as diverse as the pharmaceutical and banking industry 
understand the linkage of their business to science and technology, others do not 
always fully understand the linkages between its day-to-day activities and science 
and technology. For example, at one point, we thought that the trucking industry 
was not particularly sensitive to science and technology. But the trucking industry 
certainly has been able to enhance its competitiveness by using tools such as the 
global positioning system, advanced lightweight materials, the ability to use the 
Internet, and weather forecasting to enhance its ability to locate the best route to 
a destination thus lowering its operating cost. In addition, its competitiveness could 
be enhanced further if new ways are developed for the industry to be more efficient 
in its use of fuel and if more affordable fuels are developed. 

As a result, when looking at its primary operations, a single company may not 
see direct use of basic research if it has not licensed a patent, contracted for studies 
or undertaken its own work. But slightly below the surface the substantial contribu- 
tion of basic research to essentially every company is evident. 

For some industries, research provides them with the talented people they need 
whose education is influenced in substance, thinking and methods by basic research 
experience/training. Talented graduates for corporate laboratories are a primary de- 
liverable of basic research operations at universities. Many major companies, in ad- 
dition, support basic research at universities first and foremost to gain access to 
these people. 

Secondly, essentially every company buys technology whose function and cost are 
controlled by basic research conducted earlier. So companies that assemble products 
using others’ components may not be involved in basic research directly but their 
business remains dependent on the basic research behind the component tech- 
nolo^es that they use. 

Third, basic research creates the new technologies and new enterprises that these 
companies will sell to, or buy from or even become. Frankly, it is difficult to think 
of a company that does not use technology at some level, and that technology 
evolved from basic research. 

Fourth, the people generated as a result of the higher education they receive, 
underpinned by basic research, create whole new industries and jobs. For example, 
in 1997, BankBoston conducted the first national study of the economic impact of 
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a research university. It found that graduates of the Massachusetts Institute of 
Technology founded 4,000 firms which, in 1994 alone, employed at least 1.1 million 
people and generated $232 billion of world sales. Further, if the companies founded 
by MIT graduates and faculty formed an independent nation, the revenues produced 
by the companies would make that nation the 24th largest economy in the world. 
Within the United States, the companies founded by MIT graduates employed a 
total of 733,000 people in 1994 at more than 8,500 plants and offices in the 50 
states — equal to one out of every 170 jobs in America. Eighty percent of the jobs 
in the MIT-related firms are in manufacturing (compared to 16 percent nationally), 
and a high percentage of products are exported. 
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Chairman BOEHLERT. Thank you very much. 

Dr. Vagelos. 

STATEMENT OF DR. P. ROY VAGELOS, RETIRED CHAIRMAN 
AND CEO, MERCK & CO. 

Dr. Vagelos. Thank you, Mr. Chairman and Committee Mem- 
bers. I am delighted to be here to talk about my specific interest 
in this committee work. 

And let me start with K-12 education since that was mentioned 
by both the Chairman and Mr. Gordon. Mr. Gordon made the state- 
ment that much of what is recommended is a rehash of old mate- 
rial. And to some degree, that is true. The problem is that if you 
go to the American public today, they will tell you that they are 
not pleased with the results of what we are doing in K-12 edu- 
cation, and therefore, the committee looked very hard. And as 
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Norm just mentioned, among the committee of 20 people, the unan- 
imous number one priority was to do something in K-12 education. 

So let me tell you a couple of things that we focused on. First 
of all, a recognition that if one is going to teach in science and 
mathematics, that one should have had some expertise and some 
courses in those fields that are going to be taught in K-12, espe- 
cially in grades eight through twelve. What we have found is that 
many of the teachers have had no major, and not even a good 
course in the subjects that they are teaching. So you will have a 
teacher teaching physics or chemistry or mathematics never having 
had a major course in those areas. And so can we expect such 
teachers to turn on our young people to be able to enter these 
fields? 

We decided not, and therefore, what are we recommending? 

We are suggesting several programs that are aimed at just that 
kind of thing. For instance, there are students who are already ma- 
joring as undergraduates in mathematics, science, and engineering, 
and there is a program, for instance, it is called “U Teach” at the 
University of Texas in Austin, which selects these students and of- 
fers them scholarships if they will also take some courses in edu- 
cation and learn to teach during the four years that they are al- 
ready majoring in these subjects that they are going to potentially 
teach. Now these are the people who really understand their sub- 
jects. 

And so one of the recommendations is 10,000 students per year 
of that sort nationally who are going to be expert in their field and 
who are becoming teachers, and the payback is that they teach for 
five years. 

Another program that we have. So that would cover 10,000 new 
teachers coming through the mill. If you take the large numbers 
of people who are already teaching in these subjects and say can 
we resuscitate them because they don’t really have the expertise. 
And we have a program, several programs for them. 

The one I like best is those people who are willing to come back 
for a Master’s degree and spend two years, two summers and week- 
ends to take a Master’s in subject matter, whether it is physics, 
chemistry, technology, or mathematics, and they end up, at the end 
of two years, as master teachers, really understanding deeply their 
subject and being able to turn out other teachers and certainly to 
recruit and excite students. 

In addition to these Master’s programs, there are programs that 
are summer institutes, large numbers of these, where teachers 
come back for two to four weeks annually have their education in 
specific subject matter improved. So these are the kinds of people 
who can turn people on and students on. 

Now we can do that for teachers. We can also increase the num- 
ber of students that are going through middle and high schools who 
go into science and math by inducing them to take advanced place- 
ment courses and tests or international baccalaureate subjects. And 
there is a program, again which was tested and has been going for 
10 years in Texas, centered in Dallas in this instance, where both 
the teachers are trained in the summer institutes to teach ad- 
vanced courses, and students are induced by offering them scholar- 
ships, and then if they pass the test, they get a bonus of $100. Not 
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only do the students get $100, but the teachers get $100. Now this 
program has been going on for 10 years, and the number of stu- 
dents taking these advanced placement courses and tests has gone 
up tenfold, 10 times over the course of 10 years. Now the beauty 
of that is that these students who are now taking advanced courses 
are more likely to go into such courses when they go to college. 

Okay. So those are two programs that I think are really impor- 
tant and have been demonstrated to work. And so this is what we 
would recommend. 

We would also recommend a development of a curriculum, a na- 
tional curriculum, that would be voluntary and available through 
the Internet to, available to all teachers nationally and all school 
districts that could be optimizing all of these subjects that we are 
talking about. 

To jump ahead, to get students then to go into science, engineer- 
ing, mathematics, computer sciences, there would be scholarships, 
undergraduate scholarships at the level of $25,000 per year, com- 
petitive, picking the best students in the country to go into these, 
also 5,000 fellowships for graduate study in such subjects to get our 
students in there and in the same subjects, and finally, as Norm 
just talked about the international students, we would like to have 
a correction and improvement in both the visa and the immigration 
policies so that we can continue to attract or attract again those 
kinds of top students internationally who were coming to the 
United States and have been slowed down because of various prob- 
lems since 9/11. 

So I think, in summary, I think we all agree that K-12 is impor- 
tant. Certainly our higher education is also important. But it is not 
only important for competitiveness, it is important for the jobs, the 
high-knowledge jobs of the future that are going to dictate our 
economy. 

Thank you, Mr. Chairman. 

[The prepared statement of Dr. Vagelos follows:] 

Prepared Statement of P. Roy Vagelos 

Mr. Chairman and Members of the Committee. 

Thank you for this opportunity to appear before you on behalf of the National 
Academies’ Committee on Prospering in the Global Economy of the 21st Century. 
As you know, our effort was sponsored by the National Academy of Sciences, Na- 
tional Academy of Engineering and Institute of Medicine (collectively known as the 
National Academies). The National Academies were chartered by Congress in 1863 
to advise the government on matters of science and technology. 

Mr. Augustine, Chair of the Committee, has discussed the overall concerns the 
Committee has about the future vitality of the United States economy. During my 
testimony, I will focus on the problems that we’re having in K through 12 education. 
The Committee believes the education issue is the most critical challenge the United 
States is facing if our children and grandchildren are to inherit ever-greater oppor- 
tunities for high-quality, high-pa 3 dng jobs — and our solution and recommendations 
to respond to the Nation’s challenge in K-12 science, mathematics, engineering, and 
technology education were the Committee’s top priority. 

The Committee found that the American public is not satisfied with the K 
through 12 education available for their children. They are worried about the inter- 
national comparative surveys that show that children outside the United States — 
even those in countries with far less resources than ours — rank higher than their 
own children in their understanding of mathematics or science. 

The Committee then made the recommendation we call “10,000 teachers, 10 mil- 
lion minds” which proposes increasing America’s talent pool by vastly improving K- 
12 science and mathematics education. 
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In developing its action steps to reach this goal, the Committee first focused on 
what part of K-12 science, mathematics, engineering, and technology education was 
of greatest concern. The Committee immediately recognized that many of these 
teachers do not have sufficient education in these fields, and its recommendations 
respond to that concern. 

Of all its action steps, the Committee’s highest priority is a program that would 
annually recruit 10,000 of America’s brightest students to the science, mathematics, 
and technology K-i2 teaching profession. The program would recruit and train ex- 
cellent teachers by providing scholarships to students obtaining Bachelor’s degrees 
in the physical or life sciences, engineering, or mathematics to gain concurrent cer- 
tification as K-12 science and mathematics teachers. Over their careers, each of 
these teachers would educate 1,000 students, so that each annual cadre of teachers 
educated in this program would impact 10 million minds. 

The program would provide merit-based scholarships of up to $20,000 a year for 
four years for qualified educational expenses, including tuition and fees, and would 
require a commitment to five years of service in public K-12 schools. A $10,000 an- 
nual bonus would go to program graduates working in under-served schools in inner 
cities and rural areas. 

To provide the highest-quality education for undergraduates who want to become 
K-12 science and mathematics teachers, it would be important to award matching 
grants, perhaps $1 million a year for up to five years, to as many as 100 universities 
and colleges to encourage them to establish integrated four-year undergraduate pro- 
grams leading to Bachelor’s degrees in science, engineering, or mathematics with 
concurrent teacher certification. 

This program, modeled after a very successful program in Texas (and which is 
being replicated in California), takes advantage of those people who are already in 
science, mathematics, engineering, and technology higher education programs and 
offer them the ability to get into teaching. It also incorporates in-classroom teaching 
experiences, master K-12 teachers, and ongoing mentoring — the combination of 
which produces highly qualified teachers with the skills and support to remain effec- 
tive in the classroom. 

Our second action step focuses on strengthening the skills of 250,000 current K- 
12 science and mathematics teachers through summer institutes. Master’s pro- 
grams, and Advanced Placement and International Baccalaureate (AP and IB) pro- 
fessional development programs. Each of these activities also builds on very success- 
ful model programs that can be scaled up to the national level. 

In the case of the summer institutes, the Committee recommends that the Federal 
Government provide matching grants for state-wide and regional one- to two-week 
summer institutes to upgrade the content knowledge and pedagogy skills of as many 
as 50,000 practicing teachers each summer. The material covered would allow teach- 
ers to keep current with recent developments in science, mathematics, and tech- 
nology and allow for the exchange of best teaching practices. The Merck Institute 
for Science Education is a model for this recommendation. 

For the science and mathematics Master’s programs, the Committee recommends 
that the Federal Government provide grants to universities to develop and offer 
50,000 current middle-school and high-school science, mathematics, and technology 
teachers (with or without undergraduate science, mathematics, or engineering de- 
grees) two-year, part-time Master’s degree programs that focus on rigorous science 
and mathematics content and pedagogy. The model for this recommendation is the 
University of Pennsylvania Science Teachers Institute. 

In the case of AP, IB, and pre-AP or pre-IB training, the Committee recommends 
that the Federal Government support the training of an additional 70,000 AP or IB 
and 80,000 pre-AP or pre-IB instructors to teach advanced courses in mathematics 
and science. Assuming satisfactory performance, teachers may receive incentive pay- 
ments of up to $2,000 per year, as well as $100 for each student who passes an AP 
or IB exam in mathematics or science. There are two models for this program: the 
Advanced Placement Incentive Program and Laying the Foundation, a pre-AP pro- 
gram. 

The Committee also proposes that high-quality teaching be fostered with world- 
class curricula, standards, and assessments of student learning. Here, the Com- 
mittee recommends that the Department of Education convene a national panel to 
collect, evaluate, and develop rigorous K-12 materials that would be available free 
of charge as a voluntary national curriculum. The model for this recommendation 
is the Project Lead the Way pre-engineering courseware. 

Why are we doing this? Because, as Mr. Augustine mentions, many of the teach- 
ers who are teaching subjects have no background in the subjects that they are 
teaching. It is very hard for someone who does not have a physics education to turn 
students on to physics, because they have no basic feeling for the subject. Teachers 
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with strong content knowledge, either through a Bachelor’s or Master’s program, 
who also have strong pedagogy skills and access to ongoing skills updates can be 
truly effective at encouraging students in science, mathematics, and technology 
fields. That is the thesis that we’ve built on. 

The Committee also proposes a program that will enlarge the pipeline by encour- 
aging more students to take AP and IB science and mathematics courses and tests 
through providing more opportunities and incentives for middle-school and high- 
school students to pursue advanced work in science and mathematics. The Com- 
mittee suggests a national goal of increasing the number of students in AP and IB 
mathematics and science courses from 1.2 million to 4.5 million, and setting a goal 
of tripling the number who pass those tests, to 700,000, by 2010. Student incentives 
for success would include 50 percent examination fee rebates and $100 mini-scholar- 
ships for each passing score on an AP or IB mathematics and science examination. 

The reason we are encouraging more students to participate in AP/IB courses is 
because we have found, through the Dallas-based AP Incentive Program, that those 
students who take AP/IB courses are twice as likely to enter and complete college 
as those who do not. Of particular interest is the ability of programs such as the 
University of California College Prep Program to reach currently under-served areas 
or populations of students with specific learning needs through online access to 
teachers and tutors. 

We also propose scholarships for American undergraduates who are willing to go 
into science and technology and engineering and fellowship programs for those 
pursing graduate science and engineering degrees in areas of national need. 

In sum, the Committee is proposing a whole spectrum of recommendations that 
will enhance the quality of science, mathematics, engineering, and technology edu- 
cation for all American students and providing incentives for Americans to pursue 
higher education degrees in these fields. By taking the proposed actions, we believe 
that the United States will be better positioned to compete as a country for future 
high knowledge jobs. 

Thank you for providing me with this opportunity to testify before the Committee. 
I would be pleased to answer any questions you have about the report. 

Biography for P. Roy Vagelos 

Dr. Vagelos served as Chief Executive Officer of Merck & Co. Inc., for nine years 
from July 1985 to June 1994. He was first elected to the Board of Directors in 1984 
and served as its Chairman from April 1986 to November 1994. 

Dr. Vagelos joined the worldwide health products firm in 1975 as Senior Vice 
President of Research and became President of its research division in 1976; in ad- 
dition, starting in January 1982, he served as Senior Vice President of Merck with 
responsibility for strategic planning. He continued to hold both positions until 1984, 
when he was elected Executive Vice President. 

Before assuming broader responsibilities of business leadership, Dr. Vagelos had 
won scientific recognition as an authority on lipids and enzymes and as a research 
manager. This followed a decision early in his career to put his principal energies 
into research rather than the practice of medicine. 

Dr. Vagelos received a A.B. degree (1950) from the University of Pennsylvania, 
where he was elected to Phi Beta Kappa, the academic honor society. He received 
his M.D. from Columbia University (1964) and was elected to Alpha Omega Alpha, 
the medical honor society. After internship and residency (1954^56) at Massachu- 
setts General Hospital in Boston, he joined the National Institutes of Health in Be- 
thesda, Maryland. 

At the NIH (1956-66) he served in the National Heart Institute, holding positions 
in cellular physiology and biochemistry — first as Senior Surgeon and then as Head 
of Section of Comparative Biochemistry, both in the Laboratory of Biochemistry. 

In 1966, Dr. Vagelos joined Washington University in St. Louis, Missouri, as 
Chairman of the Department of Biological Chemistry of the School of Medicine. In 
addition, from 1973 to 1976, he assumed more extensive responsibilities as Director 
of the University’s Division of Biology and Biochemical Sciences, which he founded. 

Dr. Vagelos has received honorary Doctor of Science degrees from Washington 
University (1980) for his research achievements and important influence on national 
science policy; Brown University (1982) for distinguished contributions to the ad- 
vancement of knowledge as a teacher, research scientist, and head of one of the Na- 
tion’s outstanding laboratories; the University of Medicine and Dentistry of New 
Jersey (1984) for outstanding leadership in biomedical research leading to drugs and 
other therapeutic agents of direct benefits to mankind; New York University (1989) 
for contributions in helping to discover and produce medicines that both extend and 
enhance life; Columbia University (1990) for an extraordinary range of accomplish- 
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ments in biological science, pharmaceutical research, and leadership in the pharma- 
ceutical industry; the New Jersey Institute of Technology (1992) for his contribu- 
tions to medical research; Pamukkale University in Turkey (1992); and the Univer- 
sity of New York at Stony Brook (1994) for outstanding achievement; Mount Sinai 
Medical School (1997); and the University of British Columbia (1998). He received 
Honorary Doctor of Laws degrees for leadership in the battle to conquer diseases 
from Princeton University (1990), the University of Pennsylvania (1999) and Har- 
vard University (2003). Rutgers University (1991) granted him honorary Doctor of 
Humane Letters degree in recognition of his “ambitious agenda to develop effective 
cures for the most perplexing illness of our time.” 

The author of more than 100 scientific papers, he received the Enzyme Chemistry 
Award of the American Chemical Society in 1967. He was elected in 1972 to the 
American Academy of Arts and Sciences and the National Academy of Sciences, and 
in 1993 to the American Philosophical Society. In 1989 he received the Thomas Alva 
Edison Sciences Award from Governor Thomas Kean. In 1993, he received the Law- 
rence A. Wien Prize in Social Responsibility from Columbia University. In 1994 he 
received the C. Walter Nichols Award from New York University’s Stern School of 
Business. In 1995 he received the National Academy of Science Award for Chem- 
istry in Service to Society. In 1998 he was awarded the Prince Mahidol Award con- 
ferred by His Majesty the King in Bangkok (Thailand). In 1999 he received the 
Othmer Gold Medal from the Chemical Heritage Foundation and Bower Award in 
Business Leadership from Franklin Institute. 

Dr. Vagelos was Chairman of the Board of Trustees of the University of Pennsyl- 
vania from October 1994 to June 1999, having served as a trustee since 1988. He 
also served as Co-Chairman of the New Jersey Performing Arts Center from 1989- 
99, was President and CEO of the American School of Classical Studies at Athens 
from 1999-2001 and served in the National Research Council Committee on Science 
and Technology for Countering Terrorism in 2002. 

He is currently Chairman of Regeneron Pharmaceuticals, Inc. and Theravance, 
Inc., two biotech companies. He is also Chairman of the Board of Visitors at Colum- 
bia University Medical Center where he also chairs the Capital Campaign. He 
serves on a number of public policy and advisory boards, including the Donald Dan- 
forth Plant Science Center and the Danforth Foundation. 

Dr. Vagelos is married to the former Diana Touliatos. They live in New Jersey, 
and have four children and seven grandchildren. 

Dr. Vagelos was born on October 8, 1929, in Westfield New Jersey. 

Chairman BOEHLERT. Thank you very much, Doctor. 

Dr. Wulf. 

STATEMENT OF DR. WILLIAM A. WULF, PRESIDENT, NATIONAL 
ACADEMY OF ENGINEERING 

Dr. Wulf. Good morning, Mr. Chairman. 

I have to say I am particularly delighted to be here this morning 
with Norm and Roy. I would point out that Norm Augustine is a 
member of the National Academy of Engineering, and in fact, was 
its Chairman a few years ago. 

Just echoing your comments before, I think the issue that we are 
talking about today is the most important issue facing our country. 
It may not be the most urgent, but I believe it is the most impor- 
tant. 

I wasn’t a member of Norm’s committee, and so I can’t hope to 
represent the content of “Rising Above the Gathering Storm” as 
well as Norm or Roy, so I am not going to try, but I would like to 
make three points. 

First, as Norm suggested, the problem is, itself, a creeping crisis. 
In fact, it is not a problem; it is a set of problems. And those set 
of problems I view as rather like tiles in a mosaic. Each one of 
them viewed up close, perhaps, doesn’t sound like a crisis and isn’t, 
perhaps, likely to provoke action, but if you stand back and you 
look at the overall mosaic, a pattern emerges. It is a pattern of 
short-term thinking, a pattern of lack of long-term investment. It 
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is a pattern for preserving the status quo rather than reaching for 
the next big goal. It is a pattern that presumes that we in the 
United States are entitled to a better quality of life than others and 
that all we have to do is to circle the wagons and defend that enti- 
tlement. It is a pattern that does not balance the dangers and op- 
portunities in current circumstances. 

I don’t have time to talk about all of the tiles in this mosaic, and 
I would largely be redundant with the report that is the subject of 
this hearing if I did, but they include the dramatic decline in in- 
dustry-based basic research, the flat-to-declining federal support of 
research in the physical sciences and engineering, the increasingly 
short-term risk averse nature of the research that is supported, the 
discouraging effect on foreign students and scholars of our current 
visa policy and its impact on our ability to get the world’s best and 
brightest to come to the United States and to contribute to our se- 
curity and prosperity, the draconian proposals for handling of 
deemed exports in basic research, and their chilling impact on long- 
term basic research at universities, and finally, the rapid growth 
in the use of the category of sensitive but unclassified information 
and its impact on the free flow of scientific information. 

My second point is that although the problems depicted in “Ris- 
ing Above the Gathering Storm” may not have a Sputnik-like 
wake-up event, that does not mean they are unimportant. Quite 
the contrary. In my view, collectively, they are the most important 
issue currently facing the United States. 

I am hardly alone in that view. There is an increasingly wide 
recognition of it, I believe. In my written testimony, there are ref- 
erences to some recent reports from a variety of sources that reflect 
this deep concern, from the National Academies, from the private 
sector, from government agencies, and from academia. Despite the 
differing perspectives of the authoring organizations, there is sur- 
prising consistency among this report. 

As is said in the American Electronics Association report, and I 
quote, “We are slipping. Yes, the United States still leads in nearly 
every way one can measure, but that does not change the fact that 
the foundation on which this lead was built is eroding. Our leader- 
ship in technology and innovation has benefited from an infrastruc- 
ture created by 50 years of continual investment, education, and 
research. We are no longer maintaining that infrastructure.” 

In my view, the erosion alluded to by the AEA, if unchecked, will 
lead to a poorer quality of life for our grandchildren, and quite pos- 
sibly to a world that is less secure and less free. 

My third, and final, point is that it is all about innovation and 
the multifaceted environment that supports innovation. There is 
wide agreement in the reports cited in my written testimony that 
the U.S. ability to innovate has been the source of its prosperity, 
and hence that ensuring our ability to continue to innovate is cen- 
tral to our future prosperity and security. Each of these reports 
proposes specific policy options to do this. Many of them are simi- 
lar, few are identical. I think that is because there is no simple for- 
mula for innovation. There is, instead, a multi-component environ- 
ment that collectively encourages, or discourages, innovation. Just 
to mention a few of the components of this environment: there 
must be a vibrant research base; there must be an educated work- 
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force; there must be a culture that permits and even encourages 
risk taking; there must be a social climate that attracts the best 
and brightest to practice engineering, whether from within the 
country or outside it; there must be “patient capital” available to 
the entrepreneur; the tax laws must reward investment; there 
must be adequate and appropriate protection for intellectual prop- 
erty; and there must be laws and regulations that protect the pub- 
lic but also encourage experimentation. 

To prosper in the future, we need to attend to all of these compo- 
nents of the innovation environment. 

In summary, by almost any objective measure, the United States 
is doing very well at the moment. But, the prosperity and security 
that we now enjoy is the result of decades of investment, research, 
and education. We now see a pattern, a mosaic, of disinvestment, 
of a retreat from bold research, and of a declining interest of Amer- 
ican youth in education in science and engineering. We see a pat- 
tern suggesting a shift from creating the new to protecting the sta- 
tus quo. No single tile in this mosaic is going to ruin the American 
economy, which perhaps makes it all the more dangerous. There is 
a chance that we won’t take action until the consequences become 
apparent in a decade or two, at which point it may be too late. 

Thank you for the opportunity to testify, Mr. Chairman. 

[The prepared statement of Dr. Wulf follows:] 

Prepared Statement of William A. Wulf 

Good afternoon, Mr. Chairman and Members of the Committee. My name is Wil- 
liam (Bill) Wulf and, since 1996, I have been on leave from the University of Vir- 
ginia to serve as President of the National Academy of Engineering (NAE). 

Founded in 1964, the NAE provides engineering leadership in service to the Na- 
tion. It operates under the same congressional act of incorporation that established 
the National Academy of Sciences, signed in 1863 by President Lincoln. Under this 
charter the NAE is directed “whenever called upon by any department or agency 
of the government, to investigate, examine, experiment, and report upon any subject 
of science or art [technology].” The NAE’s 1998 strategic plan, however, goes beyond 
this reactive, “whenever called upon,” role to one in which we are to “Promote the 
technological health of the Nation. . ..” It is much in the latter spirit that I am here 
today. 

I am particularly delighted to be here in the company of Norm Augustine, former 
Chairman of the NAE, to testify on what I believe to be the most important (as op- 
posed to urgent) issue facing our country. I was not a member of Norm’s Committee, 
but I participated in its initial meeting and tracked its progress closely, so I first 
want to acknowledge and thank all of the stellar committee members for the enor- 
mous energy and creativity that went into producing the report. I hope that the 
Science Committee will appreciate that the Academies’ committee’s willingness to 
spend countless hours on this report was the result of their depth of concern over 
our nation’s future. 

I cannot hope to represent the content of “Rising Above the Gathering Storm” as 
well or as fully as Norm Augustine or Roy Vagelos, so I won’t try — but I would like 
to draw attention to three points. 

First, unfortunately the problem is a “creeping crisis.” 

Unfortunately the problems we are concerned about don’t have a Sputnik-like 
wake-up call. 

You all know the storied procedure for boiling a frog. They say that if you drop 
a frog in boiling water, it will jump out. But, if you put a frog in cool water and 
heat it very slowly, the frog won’t jump out, and you’ll get a boiled frog. The theory 
is that each small, incremental rise in temperature is not enough of a crisis to make 
the frog react. I don’t know if this story is true, but it fits my purpose — the slowly 
warming water is a creeping crisis for the frog! 

Our creeping crisis is not a slow, one-dimensional change like the frog’s water 
temperature. We are facing a number of problems — each one like a tile in a mosaic. 
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No one of these problems by itself creates the sort of crisis that provokes action. 
But if you stand back and look at the collection of problems, a disturbing picture 
emerges — a pattern of short-term thinking and a lack of long-term investment. It’s 
a pattern for preserving the status quo rather than reaching for the next big goal. 
It’s a pattern that presumes that we in the United States are entitled to a better 
quality of life than others and that all we have to do is circle our wagons to defend 
that entitlement. It’s a pattern that does not balance the dangers and opportunities 
in current circumstances. 

I do not have the time to discuss all the tiles in this mosaic, and I would be large- 
ly redundant with the report that is the subject of this hearing if I did, but they 
include: 

— The dramatic decline in industry-based basic research. 

— The flat-to-declining federal support of research in the physical sciences and 
engineering. 

— The increasingly short-term, risk-averse nature of the research that is sup- 
ported. 

— The discouraging effect on foreign students and scholars of our current visa 
policies, and its impact on our ability to get the world’s best and brightest 
to come to the U.S. and contribute to our security and prosperity. 

— The draconian proposals for handling of “deemed exports” in basic research, 
and their chilling impact on long-term basic research at universities. 

— The rapid growth in the use of the category of “sensitive but unclassified” 
information, and its impact on the free flow of scientific information. 

Second, nonetheless the problem is both important and widely recognized. 

Although the problems depicted in “Rising Above the Gathering Storm” may not 
have a Sputnik-like wake-up event, that does not mean they are unimportant. Quite 
the contrary; in my view collectively they are the most important issue currently 
facing the United States. I am hardly alone in that view; there is an increasingly 
wide recognition of it. Below are references to recent reports from a variety of 
sources that reflect this deep concern: 

— From the National Academies'^-^ 

— From the private sector^.^.s.e.v.s 

— From government agencies,®''^*’''^^''^^ and 

— From academia^®’^^ 


1 National Academy of Engineering. 2005. Engineering Research and America’s Future: Meet- 
ing the Challenges of a Global Economy. Washington, D.C.: Nation Academies Press. 

2 National Academy of Sciences, National Academy of Engineering, Institute of Medicine. 
2005. Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Eco- 
nomic Future. Washington, D.C.: National Academies Press. 

3AeA (American Electronics Association). 2005. Losing the Competitive Advantage? The Chal- 
lenge for Science and Technology in the United States. Washington, D.C. AeA. 

^Business Roundtable. 2005. Tapping America’s Potential: The Education for Innovation Ini- 
tiative. Washington, D.C.: U.S. Chamber of Commerce. 

^Business Roundtable. March 2005. Securing Growth and Jobs: Improving U.S. Prosperity in 
a Worldwide Economy. Washington, D.C.: U.S. Chamber of Commerce. 

® Council on Competitiveness. 2004. Innovate America. Washington, D.C.: Council on Competi- 
tiveness. 

"^Electronics Industry Alliance. 2004. The Technology Industry at an Innovation Crossroads. 
Arlington, VA. Electronic Industry Alliance. 

® National Association of Manufacturers. 2005. The Looming Workforce Crisis: Preparing 
American Workers for 21st Century Competition. Washington, D.C.: National Association of Man- 
ufacturers. 

® National Intelligence Council. 2004. Mapping the Global Future: Report of the National Intel- 
ligence Committee’s 2020 Project. Washington, D.C.: National Intelligence Council. 

National Science Board. August 2003. The Science and Engineering Workforce: Realizing 
America’s Potential. Report NSB 03-69. Arlington, Virginia: National Science Foundation. 

President’s Council of Advisors on Science and Technology. January 2004. Sustaining the 
Nation’s Innovation Ecosystems, Information Technology Manufacturing and Competitiveness. 
Washington, D.C. 

President’s Council of Advisors on Science and Technology — Workforce Education Sub- 
committee. June 2004. Sustaining the Nation’s Innovation Ecosystem: Maintaining the Strength 
of Our Science & Engineering Capabilities. Washington, D.C. 

12 Council of Graduate Schools. June 2005. NDEA 21: A Renewed Commitment to Graduate 
Education. Washington, D.C.: Council of Graduate Schools. 

I’l American Association of Universities, To be released. 
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Despite the differing perspectives of the authoring organizations, there is sur- 
prising consistency among these reports. They all identify problems like the tiles in 
my mosaic as representing serious long-term problems for the country — problems 
that require action now! As is said in the American Electronics Association (AeA) 
reported: 

“We are slipping. Yes, the United States still leads in nearly every way one can 
measure, but that does not change the fact that the foundation on which this 
lead was built is eroding. Our leadership in technology and innovation has ben- 
efited from an infrastructure created by 50 years of continual investment, edu- 
cation and research. We are no longer maintaining this infrastructure.” 

In my view, the erosion alluded to by the AeA, if unchecked, will lead to a poorer 
quality of life for our grandchildren — and quite possibly to a world that is less se- 
cure and less free. 

Third and finally, it’s all about innovation and the multi-faceted environ- 
ment that supports innovation. 

There is wide agreement in the reports cited above that the U.S. ability to inno- 
vate has been the source of its prosperity — and hence that ensuring our ability to 
continue to innovate is central to our future prosperity and security. Each of these 
reports proposes specific policy options to do this — many of them are similar, but 
few are identical. I think that is because, in my view, there is no simple formula 
for innovation. There is, instead, a multi-component “environment” that collectively 
encourages, or discourages, innovation. Just to mention a few of the components of 
this environment: 

• There must be a vibrant research base. 

• There must be an educated workforce. 

• There must be a culture that permits and even encourages risk-taking. 

• There must be a social climate that attracts the best and brightest to practice 
engineering — whether from within the country or outside it. 

• There must be “patient capital” available to the entrepreneur. 

• The tax laws must reward investment. 

• There must be adequate and appropriate protection for intellectual property. 

• There must be laws and regulations that protect the public while also encour- 
aging experimentation. 

To prosper in the future we must attend to all the components of this innovation 
environment — and in particular we need to be sure that they are attuned to the cur- 
rent and future technologies rather than those of the past (when many of the com- 
ponents of the environment were first created). 

In Summary 

By almost any objective measure, the U.S. is doing very well at this moment. But, 
the prosperity and security that we now enjoy is the result of decades of investment, 
research and education. We now see a pattern, a “mosaic,” of disinvestment, of a 
retreat from bold research, and of a declining interest of American youth in edu- 
cation in science and engineering. We see a pattern suggesting a shift from creating 
the new to protecting the status quo. No single tile in this mosaic is going to ruin 
the American economy — which perhaps makes it all the more dangerous. There is 
the chance that we won’t take action until the consequences become apparent in a 
decade or two, at which point it will be too late. 

Thank you for the opportunity to testify, Mr. Chairman. I would be pleased to an- 
swer any questions the Committee might have. 

Biography for William A. Wulf 


Personal: 

Wm. A. Wulf, President, National Academy of Engineering, 2101 Constitution 
Ave., NW, Washington, DC; e-mail: wwulf@nae.edu 

University Professor and AT&T Professor of Engineering and Applied Science, De- 
partment of Computer Science, Thornton Hall, University of Virginia 

Education: 

B.S., Engineering Physics, University of Illinois, 1961 
M.S., Electrical Engineering, University of Illinois, 1963 
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Ph.D., Computer Science, University of Virginia, 1968 

Positions; 

President, National Academy of Engineering, 1996 to present. 

AT&T Prof, of Engr., University of Virginia, 1988 to present. 

Assistant Director, National Science Eoundation, 1988 to 1990. 

Chairman & CEO, Tartan Laboratories Inc., 1981 to 1987. 

Professor, Carnegie-Mellon University, 1975 to 1981. 

Associate Professor, Carnegie-Mellon University, 1973 to 1975. 

Assistant Professor, Carnegie-Mellon University, 1968 to 1973. 

Instructor, University of Virginia, 1963 to 1968. 

Descriptive Biography: 

Dr. Wulf was elected President of the National Academy of Engineering (NAE) in 
April 1997; he had previously served as Interim President beginning in July 1996. 
Together with the National Academy of Sciences, the NAE operates under a con- 
gressional charter and presidential executive orders that call on it to provide advice 
to the government on issues of science and engineering. 
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Discussion 

Chairman BOEHLERT. Thank you for leaving us with some degree 
of comfort by your closing statement, “By almost any objective, the 
United States is doing very well at this moment.” Guess what? 
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That is not good enough. That might make us feel better, we may 
be doing very well, but our competition is doing a lot better a lot 
quicker. So this is serious business. 

And Dr. Vagelos, you know, you emphasized something that is so 
very important. Right back to the basics, K-12 science and math 
education. You know, I am sort of tired of appearing before busi- 
ness groups, as I do frequently, and to get some guy raising his 
hand, I will call on him, and you know, he starts moaning and 
groaning about K-12 education and the high schools are grad- 
uating students that we can’t hire because they can’t function, and 
we have to start training them. And I listen to them moan and 
groan, and I acknowledge that it is a serious problem we have got 
to address, and then I will say to him and all of the other rep- 
resentatives of business in the audience, and I did this a couple of 
times at a Chamber of Commerce meeting and a National Associa- 
tion of Manufacturers, “All right, you hot shots in business. Let me 
ask you a question.” All right. Well, that is sort of unusual. I say, 
“How many of your employees, Mr. President of this company, Mr. 
Manager of that company, how many of your employees serve on 
a local school board?” You know. The answer, usually the response 
is, “Gee, we don’t know.” “Go back and check, will you, please? And 
then, in a couple weeks, let me know.” And I never hear back. You 
know why? They check and they don’t run. Well, gee, we are in 
business to make a profit, and it is too important. And why not 
have them run for school boards? 

And then the other thing is, and I am giving you some of my pet 
theories, but I want to work together, because I want to follow 
through on this and go forward on this. How many letters do you 
think the average Member of Congress gets from his or her con- 
stituents saying, ’’You know, we have got to invest more in basic 
research, as a government,” or, “We should do better by the Na- 
tional Science Foundation,” which is a primary funder of all univer- 
sity-based research? Do you know how many letters? Probably the 
average congressperson gets zero. And I doubt if there is a sitting 
Member of either the House or the Senate who campaigned on 
doing better by the science enterprise. You know, we have got to 
reform Social Security. We are going to get out of Iraq. We are 
going to do all of these things, but they don’t talk about these 
things. And I say, once again, Mr. Augustine, I will say to people 
like the Chairman of the Board of Lockheed Martin, your former 
position, “Why don’t you look at your Board of Directors?” It reads 
like a Who’s Who in America. All well compensated, all very heav- 
ily influential in the political process, some Republican, some Dem- 
ocrat. They are all over the lot. I would suggest that if Board Mem- 
ber X from central Oklahoma or Board Member Y from northern 
Kansas called up his or her representative and said, “Look. Here 
is something that Congress is ignoring, and this is very important. 
You have got to do better by K-12 science and math education, and 
I don’t see how the hell you propose to do so if you are cutting 
funding for the Education Directorate at the National Science 
Foundation, and I want you to do something about that.” People 
would begin to take notice. 

So I don’t think this is too daunting a task, and I want to have 
some follow-through with you guys after this. You know, there are 
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435. You get 435 master cards, and we can get a file on each Mem- 
ber of Congress. And then we can just sort of work them and figure 
out how we can get them to focus on this subject area. 

So with that, a sort of preamble of my speech, let me ask you 
this. Help us prioritize your recommendations. And help us explain 
how you decided on a 10 percent increase. Can we go with those 
two? 

Mr. Augustine. 

Mr. Augustine. Thank you. 

I will be glad to begin. 

The question of prioritizing, we feel, quite strongly, that one has 
to view our recommendations as a package. We did single out as 
the highest priority K-12, because that seemed to underpin every- 
thing we are doing. If we don’t solve that problem, we have lost. 

Beyond that, the reason we view it as a package is, for example, 
to create more scientists and engineers but to not increase the re- 
search budget for them to work on just creates people without jobs. 
And so this is a closely-knit package that we have proposed. We 
gathered 60 experts in various fields who came to Washington for 
two days with us, and they made recommendations as to what we 
should recommend to you. They made over 150 recommendations, 
which we boiled down and refined. So what you are seeing is our 
prioritized list of the very top ones. There were others we didn’t 
consider. 

Your question of why 10 percent, and you are referring to the in- 
crease in basic research in the specific fields. Our motivation was 
to, rather quickly, increase the budget in those fields, which have 
been basically flat in real dollars for 20 years. That contrasts 
sharply with the progress in the biological sciences. So we wanted 
to do it as quickly as we could, but we also want to be sure the 
money is spent efficiently. And it is our view that about 10 percent 
per year, this is obviously judgmental, is about what you can in- 
crease and spend very efficiently. It might be 15 percent. It might 
be eight percent, but it would be in that range. 

The question of why we put the seven-year limit on it; it turns 
out, of course, that 10 percent per year for seven years roughly 
doubles the existing $8 billion budget in this area. That is encour- 
aging to us, and seems rational in the sense that the Congress, 
with your leadership, recently proposed that the NIH budget be 
doubled. And the Administration supported that. That was through 
the authorization process, unfortunately not through the appropria- 
tions process. 

So that would be my answer to your question. I am sorry. Did 
I say NIH? I meant NSF. 

Chairman BoEHLERT. Yeah. Yeah. It is NSF. Well, you know, we 
are following the NIH model, and everybody got nervous, because 
we doubled the NIH budget over five years, and I really think the 
basic reason is because it does so much in research in things like 
Alzheimer’s and cancer and everything else, and Members couldn’t 
vote fast enough, because they had looked out and said there, but 
for the grace of God, go I and vote aye. And we ought to do the 
same thing with the physical sciences and following that model. 
And a lot of people with biological sciences interested in NIH were 
concerned that I was trying to cut their funding. I don’t want to 
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cut their funding one dime. It is important. But I want to elevate 
NSF. 

But the basic problem is, and this is our problem on Capitol Hill. 
We passed the legislation putting the NSF on a path to double its 
budget over five years. We had a big ceremony down at the White 
House. The president signed it, we patted each other on the back. 
Boy, we felt good. But that didn’t appropriate one dime. And while 
we put the agency on a path with authorization from this com- 
mittee to double a budget over five years, you know, the percentage 
increase is a little better than flat, but not a heck of a lot better. 
You know what the total budget is? I bet you if you asked the 
board members of Merck or Lockheed Martin or anybody else, what 
do you think NSF gets. You know, they sponsor, basically, all uni- 
versity-based research in America. They wouldn’t know, $5 billion 
a year. You know what, they spend more than that in a coffee 
break over in the Pentagon. That is another place you are associ- 
ated with. And I am for national defense, but we have got to get 
some priorities in order. 

My time is expired. 

Mr. Gordon. 

Mr. Gordon. As I said earlier, I admire my Chairman’s passion 
for this issue. I am also the beneficiary of, hopefully, some extra 
time that could be allocated to me over the next few weeks because 
of all of his passion here. And I do admire it. 

As the Chairman said, the National Science Foundation, we 
passed an authorization to double it. It was signed by the Presi- 
dent, yet the President never has made those requests. I think one 
of the benefits of your proposal is that you went beyond flowery 
rhetoric and gave us some specific recommendations. 

You also have specific recommendations for an action plan. You 
gave us an action plan on what to do. What about an action plan 
on how to get it implemented, how to get the President to make 
these proposals, how to get Congress to go forward? Or do you feel 
like your job is over? Have you given us the sheet and now you all 
are going home? Mr. Augustine, is there another step? 

Mr. Augustine. No, we believe that our job has just begun, and 
we do have a plan. I should say that we are in a difficult position, 
because the National Academies don’t lobby, by policy. On the 
other hand, the National Academies do provide information, dis- 
seminate information, share views, and we intend to do a lot of 
that. And we would hope that we will have the opportunity to do 
that broadly with the Business Roundtable, with labor unions, with 
other organizations that are interested in this topic, with teachers. 
And indeed, we do plan to pursue this, and our members have 

Mr. Gordon. Good. 

Mr. Augustine. — in fact, been 

Mr. Gordon. Well, I would hope that you would put together, 
around my office, I, you know, sort of have a, I don’t know whether 
it is a saying, but if it is not written down, it is not a plan. And 
we would hope that, not as extensively as this, but that you might 
put together an action plan for implementing, whether informally 
or formally, meet with us and tell us how we can help. And we 
would all like to work together on that. 
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The second question that I have, back when the original Presi- 
dent Bush was President, he and Congress got together and passed 
something called PAYGO. We had a big deficit, and we wanted to 
do something about it, and we all know that the first thing you do 
when you are in a hole, you stop digging. And that is what PAYGO 
tried to do. Every time there was legislation that came to the Floor, 
it had to have a fiscal note to say what it cost. And you had to have 
either additional revenue or you had to have offsets for that. That 
was passed two more times under, again, under two Presidents and 
several Congresses. Unfortunately, it expired in 2002, and we can’t 
get the current Congress to renew that. 

But going back to that same type of idea, it is going to be hard 
to get additional funds. Nobody likes to talk about taxes, and 
maybe we will just say fee or something here. Do you have any 
suggestions as to a fee that might be appropriate on, maybe, the 
business sector somewhere that would be dedicated for this $10 bil- 
lion? You know, and that it would be a, you know, somewhat of a 
tit for tat if we have, you know, one-eighth of a percent additional 
something here that would go to these various teaching programs? 
Do you have any recommendations on that? 

Mr. Augustine. I am afraid I will have to disappoint you here, 
because our committee’s charter really didn’t include looking for 
offsets of 

Mr. Gordon. Well, I am just asking you as informed individuals 
and 

Mr. Augustine. As an individual, and not speaking for the com- 
mittee, you know, kind of the way I look at it is that we have gross 
domestic product of $12 trillion. The Federal Government spends, 
as you know, $2 trillion a year. Last year, I am told that our citi- 
zens lost $7 billion betting on the Super Bowl. The cost of litigation 
to corporations in America is about 10 to 20 times what we have 
asked for here. And so it is our belief that this kind of money can 
be found. Now I have my own personal list, as I am sure everybody 
else does, of, you know, where I would start looking for money, but 
it is not particularly relevant, because I have no expertise in the 
subject. 

Mr. Gordon. Well, we are not voting on a budget today, because 
there wasn’t the ability, the will, or whatever to go from a $35 bil- 
lion reduction to $50 billion. So that was $15 billion that appar- 
ently couldn’t be found. And it was a pretty hard effort. Now 
maybe they will find it next week, I don’t know. So yes, there is 
probably, you know, there is enough money sloshing around. But 
if that is the answer, then we are not going to get this done. 

Mr. Augustine. Well, you know, I, as an individual, feel, I can’t 
speak for other CEOs. I feel so strongly that it is in the best inter- 
est of our companies that if it requires an additional tax of some 
kind to fix some of these problems, and it is not a huge amount 
of money in the grand scheme of things, I personally would support 
that kind of thing. But again, I can’t speak for the 

Mr. Gordon. Well, I think that would be another, again, the fol- 
low-up, both in the action plan and implementing this, and if the 
business community thinks it is important, it would give a lot of 
credibility and a lot of cover for folks. And I think that we want 
it as small as possible. It needs to be dedicated so that you know 
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where it is going, and this old PAYGO kind of process. So I would 
hope that, again, with all of those big thinkers as you are around 
doing big thinking, that that might be added to the agenda. 

And again, thank you all for your, well, let me add, does anyone 
else want to comment on any of those subjects? 

Dr. Vagelos. Mr. Gordon, I haven’t really thought on the source, 
but there are sources, even within the current research budget of 
the government that I think could be reallocated. I would not like 
to discuss them at this time, because I — they just haven’t been gen- 
eralized, but I certainly have ideas. And I certainly would support, 
also, an increase in taxes that would cover these subjects. 

But let me say that although the statements that I have heard 
today that corporations are not doing enough is a general state- 
ment that doesn’t cover all corporations. And let me give you an 
example. At Merck, 15 years ago, we started what we called the 
Merck Institute for Science Education and developed a program for 
K-6 students in the region around our locations in the United 
States, of which there are several. And we have a person who 
heads that. Carlo Parravano, who is previously a professor of phys- 
ical chemistry at a university and with a passion for teaching 
young people. And the idea is to train teachers in the K-6 level to 
understand some level of hands-on science in order to excite and 
demystify science for young children, because it demystifies for 
those teachers who are exposed in summer institutes, and then 
they are followed by master teacher visitations during the course 
of a year to get the children excited about science. Merck started 
this program about 15 years ago, and it has continued. It is so good 
that the NSF actually is replicating some of it. And Merck con- 
tinues to invest in that regard. 

So some companies, at least, are doing that. And I know of other 
companies doing similar programs. So I would like not to leave 
with a negative thought of all corporations not being interested in 
K-12, because they are, indeed. And certainly in higher education, 
many research corporations invest in universities and in high 
schools to bring up the number of people who are going into tech- 
nology because they are looking at their future workforce, frankly. 
It really benefits them to have better people coming through the 
pipelines. 

Mr. Gordon. Yeah, I don’t think, hopefully no one overtly or in- 
sinuated that everyone is in that boat. What we want is to find in- 
centives to increase that leadership. 

But thank you very much. 

Chairman BOEHLERT. Thank you. 

Mr. Gordon. I would also, in fact, I would like to request if you 
do have any kind of material on the Merck program 

Dr. Vagelos. Yes. 

Mr. Gordon. I would like to see that so we might be able to see 
how we could replicate it, also. 

Chairman BoEHLERT. Well, just let me stress that what Merck 
has done, what Lockheed is doing, Westinghouse scholarships, cor- 
porate America is magnificent in its generosity in so many in- 
stances, so I don’t want anyone to go away from this with the im- 
pression that this committee, particularly, does not acknowledge 
the great contributions corporate America is making. But they need 
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to do a better job, and so do we. And you know, before we start 
asking you to do a better job, we have got to look ourselves in the 
mirror and say are we doing a better job. And I hope it — yes. Doc- 
tor. Did you want to make an observation? 

Dr. Vagelos. I just want to say something about the long-term 
investment in research, because it is so crucial to what we are talk- 
ing about. First of all, we have to have people who can do it, so 
that is K-12 and higher education. But are corporations really 
making a difference? And have we impacted health? Yeah, we have 
spent, the Nation has spent, you know, billions in the last 25 years. 
Has it been worth it? Well, I will give, as an example, what hap- 
pened in 1981. There was the identification of a new thing called 
AIDS. It turned out a couple years later, the virus was identified 
through work at NIH and the Pasteur Institute, but then the uni- 
versities and industry both focused on how do you handle this 
virus, a virus which caused the disease which was 100 percent le- 
thal. And within, you know, a decade, you have the development 
of several different mechanisms of antiretroviral drugs that, in 
combination, converted a 100-percent lethal disease to a disease, 
which is a chronic infection where people leave hospitals, go back 
to work, and live normal lives. Now that is the interaction between 
basic research investing by government and research investment 
by industry. 

There are other things that are coming today. We heard in the 
paper today an advance in breast cancer outcomes using Herceptin, 
a drug that has been around for a while, but it is a monochromal 
antibody. Here is a technology that has been essentially developed 
in the United States over the last 25 years and is having an impact 
now. There is a vaccine being developed both by Merck and by GSK 
that will prevent cervical cancer. This is against human papilloma 
virus. This has come from years of basic research now converted 
to — do you know how long it takes to make a vaccine? 

Chairman BOEHLERT. Oh, I know that. 

Dr. Vagelos. And do you know the panic now over influenza, 
avian flu? 

Chairman BoEHLERT. Well, that gets into a different subject. Let 
us get to Ms. Biggert, because she will get us back on course here, 
because this is such an enthusiastic group that we all could talk 
forever, but I hope it should not go unnoticed that we have a high- 
er percentage of both sides of the aisle participating in this hearing 
than I will bet you any other hearing on Capitol Hill, which is a 
testament to the importance that we view the subject and to the 
distinguished panel we have. 

Ms. Biggert. 

Ms. Biggert. Thank you, Mr. Chairman. 

First of all, I just wanted to mention that I did serve as Presi- 
dent of my local high school school board, and I appreciate all that 
you are doing. The problem that we always had was, first of all, 
to find the teachers that were the best and the brightest for what 
we wanted in our school. And then the second was to keep up with 
technology and the equipment that changed so to have available for 
the students. 
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But I really wanted to talk about or ask questions to focus atten- 
tion on energy and your proposal for the creation of a DARPA-like 
entity at the Department of Energy. 

It has been my experience representing a DOE National Lab, 
and serving as the Chairman of the Subcommittee on Energy here 
in this committee, that the bigger problem is technology transfer, 
getting new technologies or the products of government-funded re- 
search from the lab to the market. And I know that so many times 
things, for example, right after 9/11, we found that the labs really 
had done the research, had the products that then could go, for ex- 
ample, to the subway to identify, you know, foreign chemicals in 
there and things like that that were there, but nobody had ever 
really processed that or gone further. 

So my first question is what specific problem was the committee 
trying to address through this recommendation, recommendation 
B5? 

Mr. Augustine. There you go. Your question is a very good one 
and touches on a number of points we have debated at length. 
Really, the problem we saw, maybe I should say, in the way of 
background, the company I had the privilege of serving has oper- 
ated for the DOE a number of National Labs, and so we had some 
experience with the challenges. And the notion with ARPA-E was 
to do for the Department of Energy what DARPA has done for the 
Department of Defense, specifically to take high-risk, very high- 
payoff transformational research, support that research, and then 
to transfer it into industry, and to where it could produce products. 
There does seem to be a gap between the DOE’s ability to produce 
great new products, great new ideas, just as you have cited, and 
to make something happen. And our hope was that this might pro- 
vide that transformational mechanism. 

The reason we think it could well work is that ARPA-E, the Ad- 
vanced Research Projects Agency-Energy that we have proposed, 
would not do research itself It would support research that was 
done in universities and done in industry and possibly in the labs 
of National Labs themselves. It would be competitively awarded, 
and so there would be a built-in involvement of industry and of 
universities that you don’t have in the labs themselves. And part 
of the reason we don’t have it in the labs is the well-meaning con- 
flict of interest rules we have that makes it hard for companies to 
access some of this information. 

Ms. Biggert. I understand that there were a couple, one or more 
members, that did not agree with this recommendation, and 

Mr. Augustine. Yes, of all of the 20 recommendations we made, 
one member disagreed with one recommendation, and it was this 
one. And this particular individual felt, and I hope I can do justice 
to his views, that we already are spending a great deal of money 
on energy research in the government and that the industrial firms 
in the field are also devoting a great deal of money to research. 
And this individual believed that there was no more money needed 
at this point and also that the government would be in a position 
of picking winners and losers in terms of research and companies, 
and that wouldn’t be healthy. Now I personally don’t share that 
view, but I think I have done justice to his position. 
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Ms. Biggert. Well, it sounds like, then, that this really is a way 
to move from the lab to market. Is that the major focus of it, or 
just the basic research itself? 

Mr. Augustine. Well, I think it is two things. The first is what 
you said. It is a way to build a bridge to getting ideas and research 
out and applied. The second is to be able to spend more money on 
transformational, breakthrough, high-risk, long-term research that 
companies just won’t perform and that the NSF and the NIH and 
Defense Department are all doing much less of because of their 
risk aversion. 

Ms. Biggert. So much, particularly in the labs, it seems like, you 
know, the basic research in physical sciences, so many times, what 
might start out to be a project to work on one item will be able to 
discover something else, and it will probably, you know, be much 
more of the thing that is going to change the world or whatever. 
Will this destroy that at all by having to compete for these grants 
on specific types of research? 

Mr. Augustine. Not at all. And your point is such a good one. 
And that is one reason, of course, why industry is reluctant to in- 
vest in basic research, because what you come up with may help 
your competitor more than it helps you, and whereas the ARPA- 
E idea would promote that. 

In addition, we had another recommendation that you are famil- 
iar with, I am sure, that the government labs be provided latitude 
to spend eight percent of their budget at the discretion of the peo- 
ple in the lab that know better than the central managers where 
those other opportunities are popping up. 

Ms. Biggert. I think some people have tried to cut that back, 
which is disturbing, because that is a very 

Chairman BoEHLERT. The gentlelady’s time has expired. Thank 
you very much. 

Ms. Biggert. Thank you. 

Chairman Boehlert. Mr. Miller, the Floor is yours for 300 sec- 
onds. 

Mr. Miller. Thank you, Mr. Chairman. 

Mr. Chairman, I rarely pass the chance to ask questions to am- 
plify some point, but this panel has made all of the points that I 
think need to be made. 

Mr. Chairman, I will disagree with you on one point. You said 
you thought no Member of Congress campaigns on the need to fund 
basic research to provide for science education and to try to move 
ideas, the product research, from the laboratory to the market. Mr. 
Chairman, I do. I represent a textile District. I represent a District 
that has lost a lot of jobs, and I voted against CAFTA, but I tell 
the folks who ask me all of the time not how are we bringing the 
jobs back, but where are the new jobs coming from, that our future 
can not be having low-skilled jobs in labor-intensive industries. It 
has to be the most innovative economy in the world, and that 
means research, funding research. It means science education. It 
means a commitment to community colleges where people learn 
new job skills throughout their lifetimes and will have to go back 
again and again. And it means efforts to move to provide the fund- 
ing and the assistance to take research out of the laboratory to the 
marketplace. 
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So Mr. Chairman, I am delighted to he here, and my enthusiasm 
for this topic, I think, may be the equal of yours. 

Chairman BOEHLERT. Dr. Ehlers. 

Mr. Ehlers. Thank you, Mr. Chairman. 

And I will join Mr. Miller in the ranks of those who campaign 
for science. In fact, my very first election, I scored a coup on a live 
TV debate when all of the attorneys running against me were say- 
ing that they would come here and straighten out the laws, the 
business people were coming here saying they would come here to 
balance the budget. And I pointed out that if we elected an attor- 
ney, we would add one to the 175 already here, and I didn’t think 
that would make much difference. If we elected a businessperson, 
we would add one to the 137 already here, and I didn’t think that 
would make much difference. But if they elected me, they would 
double the number of scientists in the Congress, and that would 
make a difference, and it seemed to resonate with the people. 

I also am in somewhat the same camp as Mr. Miller. When I 
read your executive summary, I haven’t had time to read the whole 
report yet, but I just checked them off, and virtually everything, 
with one small exception, is exactly what I have been advocating 
for 12 years here. And I want to thank you very, very much for an 
excellent report, not just because you agree with me, but because 
you make the case well, and it is what this country needs. And now 
it is up to us, as a Congress, to implement that. 

So I congratulate you. I am afraid I have to go vote somewhere 
else, but let me just try to clarify one point. 

We talked about ARPA-E. And by the way, I think it would be 
better to call it “DARPE,” and maybe you could have a stuffed doll 
named “DARPE,” you know, as a symbol. Come up with something 
catchy. But DARPA has been a powerful force in basic research in 
this country. All right. 

Chairman BoEHLERT. Only a physicist would have his cell phone 
with Beethoven’s Fifth. 

Mr. Ehlers. No, it is only a fourth. I don’t drink. 

But DARPA has been extremely successful, but it has been very 
much a basic research agency. And yet, in the discussion I just 
heard, it sounded like you are talking about this as much a tech 
transfer as a basic research entity. And I think the Department of 
Energy badly needs this sort of thing. I am not questioning that, 
but it is not clear to me precisely what you are trying to accomplish 
here. If the goal is to have the Department of Energy address, in 
a more direct way, the national problems that we face, I would 
heartily welcome that. We have huge energy problems here, and I 
would like to see that happen. But tech transfer, we have CRADAs. 
I don’t know if they are still around, but they were very successful. 
And we could address technology transfer through an MEP-like 
type of program or agriculture extension program, which I would 
also favor. 

But could you just give me a little clarification, a little more clar- 
ification I would say? What are you really trying to achieve with 
the ARPA-E proposal? 

Mr. Augustine. I am glad you asked to give us an opportunity 
to clarify, and I will call on my colleagues, with your permission, 
to add, and so I will be brief 
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The intent with the ARPA-E is, indeed, to focus on basic re- 
search of a specific kind, namely high-risk, high-payoff, long-term, 
generic applications. That is the focus. I think where I misled you 
is I was addressing the question of how, once you have done that, 
do you get that applied, get it out where it becomes useful. And my 
answer to that was that ARPA-E would not do research of its own, 
but rather, with funds, work by others, including universities, in- 
dustry, and the National Labs competitively awarded. And that is 
the way I was suggesting that the knowledge could be transferred. 

Mr. Ehlers. Yeah. I guess my response to that, and I heard that 
answer, but that, in itself, won’t transfer it unless you have indus- 
trial partners for each grant, or something of that sort. But NSE 
gives direct grants to universities, and that doesn’t guarantee the 
results get transferred. I think you really have to build in a specific 
mechanism to do it, and that is what I was trying to clarify. 

Dr. Vagelos. May I add something to that. Norm, and that is 
there is the feeling on the committee, as the majority of the com- 
mittee, that there are ideas and basic observations that are made 
at universities principally which are not mature enough to be 
picked up by either industry or the VCs. And these just will not 
be funded, because they are sort of falling in between the cracks. 
People are not yet recognizing that these can be applied, and there- 
fore, there would be a committee that includes industry people, 
who are identifying these ideas that are otherwise not going to be 
funded, but the best of these to be brought along so that they 
would gain the visibility so that they would be either picked up by 
industry or capitalized in some other way. 

Mr. Ehlers. So you basically want to bridge the valley of death? 

Dr. Vagelos. Exactly. 

Mr. Ehlers. Yeah. Well, thank you very, very much for an excel- 
lent report. I really appreciate what you have done. Thank you. 

Mr. Hall. [Presiding] The Chair recognizes Mr. Green, the gen- 
tleman from Texas. 

Mr. Green. Thank you, Mr. Chairman. And I thank the Ranking 
Member as well. 

Mr. Augustine, your comments were quite shocking, and I appre- 
ciate the way you presented them. They were very much an awak- 
ening, to a certain extent. And I appreciate each member of the 
panel for what you have presented. 

I would like to start, if I may, with Dr. Wulf. 

Dr. Wulf, sir, your colleagues had indicated that they would sup- 
port a tax increase, if you will. Do you have a similar view? 

Dr. Wulf. Well, of course, I am not a captain of industry like the 
two gentlemen sitting to my right, but I have to say that more than 
one CEO has said to me that they can’t invest in research within 
their own company easily, because that detracts from the bottom 
line, and it is an optional cost. And so the market. Wall Street, will 
penalize them for doing that. And I think Norm has a marvelous 
story about that. But if they were taxed the same amount and that 
money was guaranteed to go into research, they would be happy. 

Mr. Green. Thank you. 

A quick comment. It appears that with reference to fixing, as it 
was articulated, K-12, it appears that many of our young people, 
and even their parents, don’t see education as the way out. And I 
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think that is very unfortunate, but the Powerball, lottery, athletics, 
rock stars, they seem to dominate the persona of the successful per- 
son. And unfortunately, there is this belief among too many young 
people that that is the way out for them. 

So my first question is, is there a one-size-fits-all remedy for fix- 
ing K-12, because you have urban versus rural, you have inner city 
versus outer city, you have some cultural concerns that, in my 
opinion, will have to be addressed? How do we make sure that 
when we fix K-12, we fix it for all of the children, regardless of 
whether they are rural or they are urban, whether they are inner 
city or outer city? It seems that there is a little bit more to concern 
ourselves with, if we truly want to leave no child behind. 

And I would like for each of you, if you would, to address the as- 
pect of leaving no child behind. And I will start with you, Mr. Au- 
gustine, if you would, please. 

Mr. Augustine. Well, thank you for that question. And I am 
very glad you asked it. 

Certainly, there has been a change that today the students don’t 
look at education or being a physicist, by and large, as the way out. 
In my own case, I was the first in my family to go to college. I was 
the second to go to high school. But my parents made very clear 
to me that the way out, the way ahead, was education. And that 
was just fundamental. We have lost that, to a great degree. 

The way I think that we address this question of the different 
backgrounds, different interests of students, is through the teach- 
ers, because the one thing that all of those students have in com- 
mon is the teachers. And if we give them good teachers that show 
them that know their subject, that know what they are talking 
about, that inspire them, demand excellence, I don’t think it mat- 
ters where you come from, that is going to make a difference in 
your life, I think. So that is why we focused on teachers. 

Roy? 

Dr. Vagelos. Yeah, well, you took the words right out of my 
mouth on focusing on teachers and getting them to understand the 
subjects that they teach. 

Mr. Green, you come from the State of Texas, and you may have 
caught, I don’t know whether you have caught or were in the room 
when I mentioned that the advanced placement incentive program, 
which originated in Dallas, really introduces the concept that you 
can train teachers who are already teaching to be able to teach ad- 
vanced placement. You can incentivize students to take that by of- 
fering them the courses and a $100 bonus, if they pass. And taking 
a school district, which is largely poor and has many immigrants 
and under-served minorities, you can increase the number of stu- 
dents taking advanced placement courses and passing them by ten- 
fold with such a program, it is those students, they won’t be stars, 
or they may not be all of the athletes, but you can increase, includ- 
ing minority students, the number of students taking these ad- 
vanced programs and the advanced programs are in math and 
science. So that is one thing that can affect every city. And that 
is one of the programs we are recommending. 

Dr. WULF. Just to answer your question very directly, no, I do 
not believe that one size fits all. I think all of my adult life we have 
been collectively, as a society, talking about the problems we have 
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with K-12 education. And we have made, in my view, very, very 
little progress. We have this seminal event of “A Nation at Risk” 
being published and getting a lot of attention focused on the prob- 
lem, and yet, I think if you objectively look at where we are rel- 
ative to, what, 15 years ago, when that report was published, I 
would find it very hard to argue that we have made very much 
progress. And I think a lot of the reason is that people have ad- 
vanced one silver bullet after the next and that is not just going 
to work. We have to attack it on a very broad front. I happen to 
concur that focusing on teachers is a very, very, very important 
piece of it, but that is not all of it, either. 

Chairman BOEHLERT. Thank you very much. 

The gentleman’s time has expired. 

Let me point out that we created a scholarship program, an in- 
centive program, to get the best and the brightest in the under- 
graduate years majoring in science, math, and engineering, and 
agreed to give them a stipend each year and in exchange for an 
agreement to teach for two years, and we had that on the books 
authorized from this committee for several years before we got one 
thin dime. And now we are spending a grand total, I think, of 
about $5 million a year on it. That shows you where our priorities 
are, unfortunately. 

Mr. Hall. 

Mr. Hall. I thank you. And I thank this panel here. And I thank 
the very distinguished Mr. Chairman, you have mentioned the at- 
tendance here. It is no wonder when you read the array of men and 
women who are giving their time. And Norm Augustine is no 
stranger here. The Augustine report was a bible for us for about 
10 years in the ’80s. Thank you for that and others of you. 

And I think it is very, very important that we seek ability to 
compete in this century with jobs and especially for older people. 
You know. Norm, I am the oldest guy in Congress, or in the House, 
and when that guy from West Virginia finally takes everybody’s ad- 
vice and leaves, well, I will be the oldest in Congress. And jobs are 
important. Other than my opponents, my wife has even suggested 
that, you know, I should quit, but at 82, I checked with Wal-Mart, 
and they weren’t hiring any greeters. I didn’t have a cap and a pis- 
tol. I couldn’t be a crossing guard for anybody, but what a wonder- 
ful thing it is for you to give your valuable time, and your time to 
prepare to get here, to give us your time here, and your time stay- 
ing here. 

You know, with China calling us out on the world energy alloca- 
tion and their end of the space program now, we have got so many, 
so many reasons to listen to this group here. 

But let me ask you this, the 60 subject matter experts, are they 
of the same caliber? And how do you all work together? And when 
do the 20 and the 60 ever get together? 

Dr. Vagelos. Well, sure. These were experts that were rec- 
ommended largely by the committee. The committee was invited by 
the President of the National Academy of Sciences. Twenty-one 
people were called, as I understand it. Twenty people responded, 
which is an incredible response rate. 

Mr. Hall. Right. 
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Dr. Vagelos. Now they were asked to suggest their priorities in- 
dividually and other experts in the United States who would he 
able to speak to these subjects, and they also were asked to 
prioritize their recommendations. And then there was one major 
long weekend around-the-clock meeting, and then numerous con- 
ference calls and trading of tons of information through the Inter- 
net. That is the way we ran the thing. 

Mr. Hall. Peter O’Donnell is a special friend of mine, and 

Dr. Vagelos. He was right in the middle of it. 

Mr. Hall. — a great and giving person in our part of the country. 
And because I was late getting here, I have been on other commit- 
tees, I don’t know what questions have been asked, but if I have 
any questions, I will submit them to you later, but I am sure that 
the Chairman and Ranking Member have asked, probably, the 
proper questions, and I can refer to the record for that. 

And I thank you for your time. Very much I thank you for giving 
your ability to your country. 

I yield back. 

Chairman BOEHLERT. Thank you very much. 

Mr. Honda. 

Mr. Honda. Thank you, Mr. Chairman. 

I will be real quick and to the point, because we are going to be 
asked to vote. 

I went through the report and just generally perused the rec- 
ommendations and everything, and I was captivated by the term 
“innovation” running through the whole report, but you have never 
addressed the concept of teaching innovation creativity. And I 
think that that is the piece that we are missing. And when I speak 
with some of the other folks in education and who have just re- 
cently retired from high tech or, you know that their main concern 
is that if we are talking about producing more science students and 
more folks adept at math and science, that we will still be out- 
performed by India and China, because they are going to do the 
same thing. When we talk about the history of Silicon Valley, we 
know that Silicon Valley is not only a geographic place, but it is 
a phenomena of a combination of folks or of factors. And one of the 
factors is the talent and the people. And one of the factors of the 
talent of the people is their innate ability to be creative and inven- 
tive. We don’t teach that, and it is a teachable skill to be able to 
teach innovation and creativity. 

What is your opinion about making education a goal for this na- 
tion, the teaching of innovation and creativity? And what do you 
think the costs may be and with the insights you have from your 
own report? 

Dr. WULF. One of the things that I have focused a lot of my at- 
tention on in the last nine years that I have been President of the 
Academy has been engineering education reform. And a strong 
theme running through that is that engineering is all about cre- 
ativity. It is all about — as Theodore von Karman said, “creating 
what has never been.” And so making engineering education better 
adapted and suited to the actual environment that engineers are 
going to practice in really involves teaching creativity and innova- 
tion. 

Mr. Honda. But there 
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Dr. WULF. And so that is starting to happen. 

Mr. Honda. Right. But there is no curricula that speaks to cre- 
ativity or innovation, and in the discussion in the report, I don’t 
see that as being highlighted or important. It is mentioned, but you 
know, teaching math and science, if we keep teaching the way we 
have taught, we still teach youngsters and people a compartmen- 
talized approach to math and science, and it should be multi-dis- 
ciplinary and integrated and then teaching how to teach innovation 
and creativity. And if that is not a stated goal, how will we under- 
stand and know that that is going to be one of the outcomes? 

Dr. WuLF. There actually are a number of engineering schools 
around the country now, which make innovation and creativity cen- 
tral to the curriculum. 

Mr. Honda. Would you be willing to have a long discussion on 
that 

Dr. WULF. I sure would. 

Mr. Honda. — in your report? 

Dr. WULF. Well, the report is the report. 

Mr. Honda. Well, the report is a document that people look at 
to refer to from experts in the field, and if it is not specifically men- 
tioned as a goal, but it is only mentioned as one of the things that 
we look for, but is not specifically addressed, I wonder whether it 
is going to have the impact that we are looking for. 

Dr. WULF. I would be happy to share with you another pair of 
reports, which collectively have the title, “The Engineer of 
2020 ” 

Mr. Honda. Okay. Thank you. 

Dr. WULF. — which focuses on that. 

Mr. Honda. Dr. Vagelos, I thought maybe you might have a com- 
ment. 

Dr. Vagelos. Well, the teaching innovation, I think, is very dif- 
ficult than you are suggesting. Because the innovators, you can 
have great scientists who make key observations and then someone 
else comes along and takes that observation to the next step. An 
example, the discovery of penicillin, which was about 1928, some- 
thing like that, by Fleming, and it sat around in his lab for a cou- 
ple of years, and he essentially gave up. This was taken up by a 
scientist about 10 years later who saw that it was important, and 
they took the step to make it in large amounts and discover what 
this substance was that was able to kill organisms and might be 
a drug. And so it takes certain kinds of people. And I don’t know 
that it is. A lot of it is innate. There were lots of people thinking 
about programming when Bill Gates came along. There is only one 
Bill Gates. 

Mr. Honda. But to say that teaching innovation and creativity 
is difficult is to beg the issue of whether it should be taught or not, 
and it is a teachable skill. As a teacher, I know that processes are 
important. And to have our youngsters in our schools subjected to 
traditional instruction and not being challenged to think outside 
the box is, you know. We have a lot of Ph.D.s in my valley that 
are unemployed. And if we are going to be competitive, I think 
that, you know, to think out of the box and have them be able to 
grasp this concept or this ability to innovate 

Chairman BoEHLERT. Point well taken. 
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Mr. Honda. — we will lose 

Chairman BoEHLERT. The gentleman’s time has expired. We 
have a vote on the Floor. 

Mr. Carnahan, we would like to get you in. You have been faith- 
ful here all morning. 

Mr. Carnahan. Thank you, Mr. Chairman, and thank you. I 
share your passion for this, and Mr. Matheson, I guess I have join 
him, because I talked about this back home as well, research and 
innovation, and had a fascinating tour back home in St. Louis re- 
cently with the company there who is competing internationally, 
and not just competing, actually expanding their operations, and 
they are able to do that because of innovation in unique products. 
And so it was a great boost for me to see a local company doing 
that, and to see the power of that innovation. 

I also want to compliment all of you for your big ideas and for 
your frankness about how to really go to the next steps and what 
this is going to cost, but also talk about how you believe it is worth 
the cost, because it is so important to our future. 

I really wanted to focus on a couple of questions in our short 
time here. 

I think your idea about the scholarships for younger, newer 
teachers is a good idea. There are some of those out there, but I 
think we can do more there. I also like the idea of trying to get 
some of our scientists and engineers that may be laid off or retired 
to try to get them into teaching programs. But the bottom line is, 
our ability, I believe, to really improve our system is so much based 
upon our teachers. And salary levels, we all know, drive that. You 
know, what about including in these initiatives, you know, dou- 
bling the salaries of our teachers in our country? To me, that is 
fundamental, and I would like your comments about that. 

Thank you. 

Mr. Augustine. You have raised a point that was difficult for 
our committee in the sense that we were asked to address things 
that could be done at the federal level, and so we didn’t spend a 
lot of time on teachers unions, on increasing teachers’ salaries. But 
I think it would be safe to say there is not a one of us that wouldn’t 
think that teachers’ salaries should be substantially increased. But 
I suspect most of us would have added the footnote that the in- 
crease should be merit-based and performance-based, that we 
shouldn’t just double every teachers’ salary tomorrow. I am sure 
you didn’t imply that. But I think that we would strongly support 
an increase in teachers’ salaries, if it was based on performance. 
Yes. 

Dr. Vagelos. And we did, in part, in some of our recommenda- 
tions, suggested that the teachers who go through these programs 
go back with an additional salary increase of $10,000. This is a rec- 
ommendation, but of course these school districts have to decide 
what they are going to pay. We can make these recommendations. 
And if the private sector gets in and buys into these programs, as 
they have done into the advanced placement incentive program in 
Texas, then the extra funds can come privately to complement 
what is being done otherwise. 

Mr. Carnahan. I just want to say in closing, I came from our 
state legislature, where I had served on our Education Appropria- 
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tions Committee. Not once did we ever hear from anyone from the 
business community talking about education policy. So to me, it is 
another important thing. I know you are talking about federal level 
recommendations, but since the bulk of our education funding and 
policy is driven at the state level, I think it is vital that we engage 
policy-makers at the State level to begin some of these innovations 
and also address some of these key funding issues. 

So thank you very much. 

Chairman BOEHLERT. Thank you very much. 

And unfortunately, time has run out. We have to get over to the 
Floor for a series of votes, and we are not going to ask you to re- 
main. We understand your busy schedules. We will be submitting, 
Ms. Jackson Lee, Mr. Wu, and others will be submitting questions, 
and we would ask that you would consider them and respond in a 
timely manner. 

Let me just conclude the hearing by saying how much we appre- 
ciate the service that all of you have contributed to the Nation. The 
compensation is not high in terms of material value. As a matter 
of fact, it is zero. But I always tell people that serve as well as you 
do and as effectively as you do, and Mr. Augustine, I am so famil- 
iar with your work over the years, and Dr. Wulf, too. Doctor, I don’t 
mean to exclude you, but I know you by reputation. Now I have 
had the privilege of meeting you. Your compensation is a rich and 
rewarding experience, and the satisfaction of knowing you have 
contributed something of significance. 

And with that, the hearing will adjourn, but not before I remind 
Mr. Augustine of an outstanding invitation to participate in the De- 
cember 6 conference summit on competitiveness, and we have just 
had confirmation this morning that Dr. Jack Marburger, the Presi- 
dent’s Science Advisor, will be a participant. 

And I will tell you what my goal is. Norm, for this summit. I 
want people to be madder than hell that they didn’t get an invita- 
tion, because we have got a small group, and you got one of them, 
and I want you to respond in a positive way. 

With that, the hearing is adjourned. 

Mr. Augustine. Thank you. 

[Whereupon, at 11:42 a.m., the Committee was adjourned.] 
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Answers to Post-Hearing Questions 

Responses on behalf of Norman R. Augustine, Retired Chairman and CEO, Lockheed 
Martin Corporation; P. Roy Vagelos, Retired Chairman and CEO, Merck & Co.; 
and, William A. Wulf, President, National Academy of Engineering 

Questions submitted by Representative Bart Gordon 

Ql. Is there a mismatch between the skill sets of graduating scientists and engineers 
in the U.S. and industry’s needs? Did the NAS committee consider whether there 
is a need to rethink the Ph.D. degree, or the relative production of Ph.D.s versus 
professional masters degrees or some another type of advanced degree that 
would be more valuable to industry? 

Al. This is a recurrent question about American universities that needs to be revis- 
ited periodically. In 1995, for example, the National Academies Committee on 
Science, Engineering, and Public Policy (COSEPUP) released a report titled “Re- 
shaping the Graduate Education of Scientists and Engineers.” 

As part of that effort, COSEPUP surveyed employers and asked for their evalua- 
tion of Ph.D. training. In sum, these employers indicated that they were satisfied 
with the current structure and concept of Ph.D. training and affirmed U.S. superi- 
ority in graduate education, although there are some specific difficulties in the rela- 
tionship between academe and the profession. Some specific comments include the 
need for an: 

• Understanding of the nature of industrial research and an appreciation for 
applied programs; 

• Faster response by graduate programs to changing national policies and in- 
dustrial needs; 

• Education with more breadth as opposed to narrow specialization; 

• Expansion of educational experiences beyond the academic environment 
through hands-on experiences and in multi-disciplinary teams; 

• Training in communication skills including teaching and mentoring. 

This survey was conducted 10 years ago and conditions may have changed. It is 
also likely that some progress has been made on these issues since that point. 

In terms of the need to rethink the Ph.D., we still support the recommendations 
in the COSEPUP graduate education report. This report recommended the fol- 
lowing: 

• Offer a broader range of academic options, while maintaining local initiative 
and not compromising the need to maintain research excellence, control time 
to degree, and attract women and minority-group members. Specific actions 
include: 

o Discourage students from overspecializing 
o Enhance communication skills and the ability to work in teams 
o Focus federal financial support mechanisms for graduate students on 
traineeships as opposed to research assistantships. 

• Provide better information and guidance to graduate students and engineers 
and their advisers so they can make informed decisions about professional ca- 
reers. Specific actions should include: 

o Development by the National Science Foundation, in concert with other 
federal agencies, a national database on employment options and trends; 
o Provision of career information and advice by academic departments to 
both prospective and current students in a timely manner; 
o Encouragement of students once they have met their qualif 3 dng require- 
ments to consider the current job market and then reflect on three alter- 
native pathways — Master’s degree, traditional Ph.D., or Ph.D. with a dis- 
sertation of high standards, but designed for non-academic career and 
which would take less time to complete. 

• Devise a national human resource policy for advanced scientists and engi- 
neers that would involve examination of the goals, policies, conditions, and 
unresolved issues of graduate level human resources. 

On the issue of the relative production of Master’s degree versus Ph.D.s, we have 
insufficient information to answer that question. In addition, the answer is likely 
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to change over time. However, based on personal experience, it is the opinion of one 
of us (Augustine) that there is a need, from a industrial standpoint, to greatly in- 
crease emphasis on the Master’s degree — not at the expense of the Ph.D. but rather 
at the expense of the Bachelor’s as a terminal degree. 

Q2. In addition to sponsoring more basic research, should the Federal Government 
focus more resources on applied, pre-eompetitive research aimed at the gap be- 
tween support for basic discovery and support for development up to the stage 
where the private sector is willing to assume the risk of commercialization? Did 
the NAS committee consider the need for greater federal support for this kind 
of bridge funding for applied research between basie researeh and proof-of-con- 
cept? 

A2. The committee that developed the Gathering Storm report agrees that it is im- 
portant to address this gap — which some have called the “valley of death.” It dis- 
cussed many different options, and among those, placed priority on the establish- 
ment of the Advanced Research Projects Agency-Energy (APRA-E). If it proves suc- 
cessful, it could be replicated for other national goals as well. 

Q3. During the past two years the Seienee Committee has heard from academic and 
industry witnesses about the need for bridge funding, and these witnesses have 
strongly urged funding for the Advanced Technology Program (ATP). Did the 
NAS committee consider the ATP program or other possible approaches for ad- 
dressing this issue? 

A3. The committee did discuss the ATP and other related programs. The strengths 
and weaknesses of ATP have been assessed in prior National Academies studies. 

It did not re-evaluate these programs per se, but it did determine that they were 
insufficient to address the gap described above and so recommended ARPA-E. 


Questions submitted by Representative Jerry F. Costello 

Ql. I fully agree with your belief that we need better science and math education 
in our schools. The scholarship idea to provide math, seienee and engineering 
students with teaching certificates seems a good idea. But how attractive will 
teaching be to these students in the long-term? For example, how does the aver- 
age teacher salary compare to that of a seientist or engineer? How do you think 
this issue will faetor into a student’s deeision on which track to pursue? 

Al. Economic studies do indicate that the compensation paid to a teacher affects 
both the teaching pool and teacher tenure. Certainly, the committee would encour- 
age any efforts to enhance compensation for effective science, mathematics, and 
technology teachers; however, the committee was asked to address actions that 
could be taken at the federal level not the State or local level where compensation 
issues are generally addressed. The committee did, however, develop several mecha- 
nisms to enhance teacher compensation through bonuses as opposed to salary in- 
creases. For example, 

• New teacher recruitment program (action A-1) provides scholarships of up to 
$20,000 per year and $10,000 per year bonuses for those who teach in under- 
served schools in inner cities and rural areas; 

• Current teachers (action A-2) who participate in the continuing education 
programs (summer institutes. Master’s programs, advanced placement/inter- 
national baccalaureate (AP/IB) teacher training) would receive incentive sti- 
pends of $10,000 annually as long as they engage in classroom and leadership 
activities; 

• AP/IB teachers receive a $100 bonus for each student who passes the AP or 
IB exam in mathematics or science. 

Also important are mentoring programs, particularly for new teachers, which are 
also recommended as part of these programs. 

Q2. The pereeption of many college students is that science and engineering jobs are 
not remunerative, important and exciting career options. How can careers in 
science and engineering be made more attractive to students who have the option 
of pursuing other well paid professional careers with shorter preparation time? 
Is it enough to offer new scholarships and fellowships as recommended in the 
NAS report? 

A2. The excitement of science and engineering is best conveyed through inquiry- 
based education and teachers who have a science, engineering, or mathematics 
background themselves. The committee believes that by enhancing the science and 
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engineering background of those who teach at the middle and high school level, the 
excitement of those careers can be conveyed to students. Those students will then 
take the classes necessary for them to pursue science and engineering careers. 

The time for preparation at the Bachelor degree level is somewhat longer in engi- 
neering than that in other fields, but the starting compensation is also higher (it 
is not widely appreciated that the average salary in engineering is very close to that 
of lawyers, which involves an additional two years of study). Unfortunately, com- 
pensation for engineering tends to peak at a lower level than for those business, 
management, banking, or other such fields. At the graduate level there are also dis- 
parities. The National Academies have recommended in past reports that the time 
to Ph.D. be decreased. 

In terms of compensation, salary is just one motivator of those interested in 
science and engineering careers. Perhaps a bigger influence than compensation on 
those deciding whether or not to pursue graduate level education is the potential 
for viable employment and interesting research opportunities. The committee’s rec- 
ommendations in the “Sowing the Seeds” section of the report are meant to address 
those concerns. 

Q3. We know that other nations are increasing their science and technology capabili- 
ties and are developing large and very capable technical workforces. In addition, 
U.S. companies are moving, not only manufacturing, but R&D operations 
abroad. In light of these trends, what kinds of skills will U.S. scientists and en- 
gineers need to be able to command a premium in salary over foreign scientists 
and engineers? That is, how do we compete in the global economy without low- 
ering U.S. salaries and standard of living? 

A3. The United States will continue to be challenged to compete on a pure salary 
basis with developing countries such as India and China; the primary way to re- 
spond to that challenge is to increase the value of our engineers and scientists. The 
primary mechanism for this is improved education at all levels — which is what the 
committee suggests. Innovation has been a key U.S. national advantage, and en- 
hancing our emphasis on it at all educational levels plays to our strength. When 
innovations occur in the United States, it is ahle to capture at least the near-term 
market in that innovation area. To maintain the Nation’s innovation capacity the 
Nation needs to invest regularly in its people and its research. 


Question submitted by Representative David Wu and Representative Jerry 
F. Costello 

Ql. The report contains convincing arguments and recommendations to foster a cli- 
mate of innovation in the U.S. But an important question is whether innovations 
generated in the U.S. will be exploited in the U.S., or abroad. For example, VCR 
technology was developed in the U.S., but the market was taken over by Asian 
countries. Traditionally, it has been the exploitation of new technologies, pro- 
ducing products and delivering novel services, which created new, high-paying 
jobs. What do we need to do to ensure that the fruits of research and innovation 
result in the creation of substantial numbers of good jobs in the U.S.? 

Al. As indicated in the question, traditionally it has been the exploitation of new 
technologies, producing products and delivering novel services, that have created 
high paying jobs. For the United States to benefit from the jobs created by that in- 
novation, the research that led to that innovation needs to occur to the United 
States and the environment in the U.S. must be conducive to innovation in general. 
That research will only occur in the United States if there are economic incentives 
for companies to stay here as opposed to moving overseas and if the human talent 
is available to develop and implement the ideas. 

In its report, the committee calls for a study that will focus on developing the best 
economic policies to enable the United States to be one of the most attractive places 
in the world for long-term innovation-related investment. As time passes, some in- 
dustries will migrate overseas when the technical skills are adequate and the labor 
market is less expensive. But that does not happen immediately, and until it does 
the U.S. is able to benefit in terms of the jobs created by that innovation. This is 
less likely to be the case if the innovation occurs elsewhere. 

The U.S. patent system is the Nation’s oldest element of policy on intellectual 
property. A sound system for patent enhances social welfare by encouraging inven- 
tion and the dissemination of useful technical information. So, in addition, the 
United States should enhance intellectual property protection for the 21st century 
global economy to ensure that systems for protecting patents and other forms of in- 
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tellectual property underlie the emerging knowledge economy but allow research to 
enhance innovation. The patent system requires reform of four specific kinds: 

• Provide the U.S. Patent and Trademark Office with sufficient resources to 
make intellectual property protection more timely, predictable, and effective. 

• Reconfigure the U.S. patent system by switching to a “first-inventor-to-file” 
system and by instituting administrative review after a patent is granted. 
Those reforms would bring the U.S. system into alignment with patent sys- 
tems in Europe and Japan. 

• Shield research uses of patented inventions from infringement liability. One 
recent court decision could jeopardize the long-assumed ability of academic re- 
searchers to use patented inventions for research. 

• Change intellectual property laws that act as barriers to innovation in specific 
industries, such as those related to data exclusivity (in pharmaceuticals) and 
those that increase the volume and unpredictability of litigation (especially in 
information-technology industries). 


Questions submitted by Representative Eddie Bernice Johnson 

Ql. Action A-1 of the NAS report’s recommendations suggests awarding “competitive 
four -year scholarships.” However, I am concerned that minority and under - 
served students will be at a disadvantage for these awards because they are al- 
ready noncompetitive due to their circumstances. Why did the Academy not con- 
sider this issue? 

Al. We share the Congresswoman’s concern; however, the committee did consider 
this issue and identified a wide range of existing federal and non-federal awards 
available for minority and under-served students should these students decide to be- 
come scientists and engineers. The challenge is not so much funding these students 
at the undergraduate level, but rather providing them with the resources they need 
at the middle and high school level — these students particularly need teachers with 
science and engineering backgrounds who will excite them about science and engi- 
neering and encourage them to pursue careers in these areas. Action A-1, therefore, 
provides a $10,000 bonus to teachers who graduate from this program and who 
teach in under-served schools in inner cities and rural areas. It is committee’s belief 
that strengthening the teaching of science and math in the early grades will benefit 
all students and better prepare all students to compete in life. 

Q2. The total cost of the Academy’s Implementation recommendation is between $9.2 
to $23.8 billion per year. The entire NIH budget is around $30 billion per year. 
How realistic is it that this plan will be implemented and how do we get the 
public to agree to such an expensive proposition? 

A2. This proposal includes far more than research funding and should be viewed 
as an investment in the Nation’s future, rather than an expense. All four rec- 
ommendations in the report are part of the fundamental building blocks for the Na- 
tion’s economy. 

Supporting innovation is a cornerstone of the report’s conclusions and innovation 
requires much more than research. To be sure a vibrant research base is essential, 
but so are an educated workforce, a culture that supports risk-taking, a tax climate 
the encourages investment, and a host of other things. The report presents a pack- 
age of proposals that revitalize many of these necessary components of the “innova- 
tion ecosystem.” 

Without quality science, mathematics, and technology teachers, our students will 
not be prepared to be part of a highly technical workforce. 

Without students who are well-educated and excited about science and en^neer- 
ing, too few Americans will pursue undergraduate and graduate education in 
science, engineering, and mathematics. And, if we discourage international talent 
from coming to the U.S., we will have even less talent available. 

If the Nation lacks scientific and technical talent, it will not be able to generate 
the innovative ideas that create whole new industries. And, if industries relocate 
overseas because other countries offer better financial incentives, then we won’t 
have high-quality jobs for those in science and engineering or Americans in general. 
Americans may not fully appreciate the importance of research, but they do recog- 
nize the benefits that flow from such research and understand the importance of 
well paying jobs. 

In short, if the Nation’s leaders assign as high a priority to the concerns which 
have been raised, as does this National Academies committee, the proposed funding 
will be able to compete very strongly with other demands on the federal budget. 
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PREFACE 


“Ninety-nine percent of the discoveries are made by one percent of the scientists.” 

Julius Axelrod, Nobel Laureate^ 


The prosperity the United States enjoys today is due in no small part to 
investments the nation has made in research and development at universities, 
corporations, and national laboratories over the last 50 years. Recently, however, 
corporate, government, and national scientific and technical leaders have expressed 
concern that pressures on the science and technology enterprise could seriously erode this 
past success and jeopardize future US prosperity. Reflecting this trend is the movement 
overseas not only of manufacturing jobs but also of jobs in administration, finance, 
engineering, and research. 

The councils of the National Academy of Sciences and the National Academy of 
Engineering, at their annual joint meeting in February 2005, discussed these tensions and 
examined the position of the United States in today’s global knowledge-discovery 
enterprise. Participants expressed concern that a weakening of science and technology in 
the United States would inevitably degrade its social and economic conditions and in 
particular erode the ability of its citizens to compete for high-quality jobs. 

On the basis of the urgency expressed by the councils, the National Academies’ 
Committee on Science, Engineering, and Public Policy (COSEPUP) was charged with 
organizing a planning meeting, which took place May 1 1, 2005. One of the speakers at 
the meeting was Senator Lamar Alexander, the former secretary of education and former 
president of the University of Tennessee. 

Senator Alexander indicated that the Energy Subcommittee of the Senate Energy 
and Natural Resources Committee, which he chairs, had been given the authority by the 
full committee’s chair. Senator Pete Domenici, to hold a series of hearings to identify 
specific steps that the federal government should take to ensure the preeminence of 
America’s science and technology enterprise. Senator Alexander asked the National 
Academies to provide assistance in this effort by selecting a committee of experts from 
the scientific and technical community to assess the current situation and, where 
appropriate, make recommendations. The committee would be asked to identify urgent 
challenges and determine specific steps to ensure that the United States maintains its 
leadership in science and engineering to compete successfully, prosper, and be secure in 
the 21st century. 

On May 12, 2005, the day after the planning meeting, three members of the 
House of Representatives who have jurisdiction over science and technology policy and 
funding announced that a conference would be held in fall 2005 on science, technology, 
innovation, and manufacturing. Appearing at a Capitol Hill press briefing to discuss the 
conference were representatives Frank Wolf, Sherwood Boehlert, and Vern Ehlers. 
Representative Boehlert said of the conference: “It can help forge a national consensus on 
what is needed to retain US leadership in innovation. A summit like this, with the right 
leaders, under the aegis of the federal government, can bring renewed attention to science 
and technology concerns so that we can remain the nation that the world looks to for the 
newest ideas and the most skilled people.” 

In describing the rationale for the conference. Representative Wolf recalled 
meeting with a group of scientists and asking them how well the United States was doing 


^Proceedings of the American Philosophical Society, Vol. 149, No. 2, June 2005. 
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in science and innovation. None of the scientists, he reported, said that the nation was 
doing “okay”. About 40% said that we were “in a stall”, and the remaining 60% said that 
we were “in decline”. He asked a similar question of the executive board of a prominent 
high-technology association, which reported that in its view the United States was “in 
decline”. 

Later, the National Academies received a bipartisan letter addressing the subject 
of America’s competitiveness from Senators Lamar Alexander and Jeff Bingaman. The 
letter, dated May 27, 2005, requested that the National Academies conduct a formal study 
on the issue to assist in congressional deliberations. That was followed by a bipartisan 
letter from Representatives Sherwood Boehlert and Bart Gordon, of the House 
Committee on Science, which expanded on the Senate request. In response, the National 
Academies initiated a study with its own funds. 

To undertake the study, COSEPUP established the Committee on Prospering in 
the Global Economy of the 2 1st Century: An Agenda for American Science and 
Technology. The committee members included presidents of major universities, Nobel 
laureates, CEOs of Fortune 100 corporations, and former presidential appointees. They 
were asked to investigate the following questions: 

• What are the top 10 actions, in priority order, that federal policy-makers 
could take to enhance the science and technology enterprise so the United 
States can successfully compete, prosper, and be secure in the global 
community of the 21st century? 

• What implementation strategy, with several concrete steps, could be used 
to implement each of those actions? 

This study and report were carried out with an unusual degree of urgency — only a 
matter of weeks elapsed from the committee’s initial gathering to release of its report. 

The process followed the regular procedures for an independent National Research 
Council study, including review of the report, in this case, by 37 experts. The report 
relies on customary reference to the scientific literature and on consensus views and 
judgments of the committee members. 

The committee began by assembling the recommendations of 13 issue papers 
summarizing past studies of topics related to the present study. It then convened five 
focus groups consisting of 66 experts in K-12 education, higher education, research, 
innovation and workforce issues, and national and homeland security and asked each 
group to recommend three actions it considered to be necessary for the nation to compete, 
prosper, and be secure in the 21st century. The committee used those suggestions and 
itsown judgment to make its recommendations. The key thematic issues underlying these 
discussions was the nation’s need to create jobs and need for affordable, clean, and 
reliable energy. 

In this report, a description of the key elements of American prosperity in the 21st 
century is followed by an overview of how science and technology are critical to that 
prosperity. The report then evaluates how the United States is doing in science and 
technology and provides recommendations for improving our nation’s prosperity. Finally, 
it posits the status of prosperity if the United States maintains a narrow lead (the current 
situation), falls behind, or emerges as the leader in a few selected fields of science and 
technology. 

We strayed from our charge in that we present not 10 actions but four 
recommendations and 20 specific actions to implement them. The committee members 
deeply believe in the fundamental linkage of all the recommendations and their integrity 
as a coordinated set of policy actions. To emphasize one or neglect another, the members 
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decided, would substantially weaken what should be viewed as a coherent set of high- 
priority actions to create jobs and enhance the nation’s energy supply in an era of 
globalization. For example, there is little benefit in producing more researchers if there 
are no funds to support their research. 

The committee thanks the focus-group members, who took precious personal time 
in midsummer to donate the expertise that would permit a highly focused, detailed 
examination of a question of extraordinary complexity and importance. We thank the 
staff of the National Academies. They quickly mobilized the knowledge resources and 
practical skills needed to complete this study in a rapid, thorough manner. 




Norman R. Augustine 

Chair, Committee on Prospering in the Global Economy of the 21st Century 
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EXECUTIVE SUMMARY 


The United States takes deserved pride in the vitality of its economy, which forms the foundation of our 
high quality of life, our national security, and our hope that our children and grandchildren will inherit ever- 
greater opportunities. That vitality is derived in laige part from the productivity of well-trained people and the 
steady stream of scientific and technical innovations they produce. Without high-quality, knowledge-intensive 
jobs and the innovative enterprises that lead to discoveiy and new technology, our economy will suffer and our 
people will face a lower standard of hving. Economic studies conducted even before the information-technology 
revolution have shown that as much as 85% of measured growth in US income per capita was due to 
technological change.^ 

Today, Americans are feeling the gradual and subtle effects of globalization that challenge the economic 
and strategic leadership that the United States has enjoyed since World War II. A substantial portion of our 
workforce finds itself in direct competition for jobs with lower-wage workers around the globe, and leading-edge 
scientific and engineering work is being accomplished in many parts of the world. Thanks to globalization, driven 
by modem communications and other advances, workers in virtually every sector must now face competitors who 
live just a mouse-click away in Ireland, Finland, China, India, or dozens of other nations whose economies are 
growing. This has been aptly referred to as “the Death of Distance.” 

CHARGE TO THE COMMITTEE 

The National Academies was asked by Senator Lamar Alexander and Senator Jeff Bingaman of the 
Committee on Energy and Natural Resources, with endorsement by Representative Sherwood Boehlert and 
Representative Bart Gordon of the House Committee on Science, to respond to the following questions: 

What are the top 10 actions, in priority order, that federal policymakers could take to enhance the science 
and technology enterprise so that the United States can successfully compete, prosper, and be secure in 
the global community of the 21st century? What strategy, with several concrete steps, could be used to 
implement each of those actions? 

The National Academies created the Committee on Prospering in the Global Economy of the 21st 
Century to respond to this request. The charge constitutes a challenge both daunting and exhilarating: to 
recommend to the nation specific steps that can best strengthen the quality of life in America — our prosperity, our 
health, and our security. The committee has been cautious in its analysis of information. The available 
information is only partly adequate for the committee's needs. In addition, the time allotted to develop the report 
(10 weeks from the time of the committee’s first gathering to report release) limited the ability of the committee 
to conduct an exhaustive analysis. Even if unlimited time were available, definitive analyses on many issues are 
not possible given the uncertainties involved.^ 

This report reflects the consensus views and judgment of the committee members. Although the 
committee consists of leaders in academe, industry, and government — including several current and former 
industry chief executive officers, university presidents, researchers (including three Nobel prize winners), and 
former presidential appointees — the array of topics and policies covered is so broad that it was not possible to 
assemble a committee of 20 members with direct expertise in each relevant area. Because of those limitations, the 
committee has relied heavily on the judgment of many experts in the study’s focus groups, additional 
consultations via e-mail and telephone with other experts, and an unusually large panel of reviewers. Although 
other solutions are undoubtedly possible, the committee believes that its recommendations, if implemented, will 
help the United States achieve prosperity in the 21st century. 


^For example, work by Robert Solow and Moses Abramovitz published in the middle 1950s demonstrated that as much as 
85% of measured growth in US income per capita during the 1890-1950 period could not be explained by increases in the 
capital stock or other measurable inputs. The unexplained portion, referred to alternatively as the "residual" or "the measure 
of ignorance", has been widely attributed to the effects of technological change. 

^ Since the prepublication version of die report was released in October, certain changes have been made to correct editorial 
and factual errors, add relevant examples and indicators, and ensure consistency among sections of the report. Although 
modifications have been made to the text, the recommendations remain unchanged, except for a few corrections, which have 
been footnoted. 
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FINDINGS 

Having reviewed trenck in the United States and abroad, the committee is deeply concerned that the 
scientific and technological building blocks critical to our economic leadership are eroding at a time when many 
other nations are gathering strength. We strongly believe that a worldwide strengthenii^ will benefit the world’s 
economy — particularly in the creation of jobs in countries that are far less well-off than the United States. But we 
are worried about the future prosperity of the United States. Although many people assume that the United States 
will always be a world leader in science and technology , this may not continue to be the case inasmuch as great 
minds and ideas exist throughout the world. We fear the abruptness with which a lead in science and technology 
can be lost — and the difficulty of recovering a lead once lost, if indeed it can be regained at all. 

The committee found that multinational companies use such criteria^ as the following in determining 
where to locate their facilities and the jobs that result: 

• Cost of labor (professional and general workforce). 

• Availability and cost of capital. 

• Availability and quality of research and innovation talent. 

• Availability of qualified workforce. 

• Taxation environment. 

• Indirect costs (litigation, employee benefits such as healthcare, pensions, vacations). 

• Quality of research universities. 

• Convenience of transportation and communication (including language). 

• Fraction of national research and development supported by government. 

• Legal-judicial system (business integrity, property rights, contract sanctity, patent protection). 

• Current and potential growth of domestic market. 

• Attractiveness as place to live for employees. 

• Effectiveness of national economic system. 

Although the US economy is doir^ well today, current trends in each of those criteria indicate that the 
United States may not fare as well in the future without government intervention. This nation must prepare with 
great urgency to preserve its strategic and economic security. Because other nations have, and probably will 
continue to have, the competitive advantage of a low wage structure, the United States must compete by 
optimizing its knowledge-based resources, particularly in science and technology, and by sustaining the most 
fertile environment for new and revitalized industries and the well-paying jobs they bring. We have already seen 
that capital, factories, and laboratories readily move wherever they are thought to have the greatest promise of 
return to investors. 


RECOMMENDATIONS 

The committee reviewed hundreds of detailed suggestions — including various calls for novel and untested 
mechanisms — fi'om other committees, from its focus groups, and fi-om its own members. The challenge is 
immense, and the actions needed to respond are immense as well. 

The committee identified two key challenges that are tightly coupled to scientific and engineering 
prowess: creating high-quality jobs for Americans, and responding to the nation’s need for clean, affordable, and 
reliable energy. To address those challenges, the committee structured its ideas according to four basic 
recommendations that focus on the human, financial, and knowledge capital necessary for US prosperity. 


^ D.H. Dalton, M.G. Serapio, Jr., P.G. Yoshida. 1999. Globalizing IndustrialResearch and Development. USDeparOnent 
of Commerce, Technology Administration, Office of Technology Policy. Grant Gross. 2003, October 9. “CEOs defend 
moving jobs offshore at tech summit.” InfoWorld Mehlman, Bruce. 2003. Offshore Outsourcing and the Future of American 
“High tech in China: is it a threat to Silicon Valley?” 2002, October 28. Business Week orAint. B. Callan, 
S. Costigan, K. Keller. 1997. Exporting U.S. High Tech: Facts and Fiction about the Globalization of Industrial R&D, 
Council on Foreign Relations, New York, NY. 
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The four recommendations focus on actions in K-12 education {10,000 Teachers, lOMillionMinds'), 
research {Sowing the Seeds'), higher education {Best and Brightest), and economic policy {Incentives for 
Innovation) that are set forth in the following sections. Also provided are a total of 20 implementation steps for 
reaching the goals set forth in the recommendations. 

Some actions involve changes in the law. Others require financial support that would come from 
reallocation of existing funds or, if necessary, from new funds. Overall, the committee believes that the 
investments are modest relative to the magnitude of the return the nation can expect in the creation of new high- 
quality jobs and in responding to its energy needs. 

The committee notes that the nation is unlikely to receive some sudden “wakeup” call; rather, the problem 
is one that is likely to evidence itself gradually over a surprisingly short period. 

10,000 TEACHERS, 10 MILLION MINDS, 

AND K-12 SCIENCE AND MATHEMATICS EDUCATION 

Recommendation A: Increase America's talent pool by vasdy improving 
K-12 science and mathematics education. 


Implementation Actions 

The highest priority should be assigned to the following actions and programs. All should be subjected to 
continuing evaluation and refinement as they are implemented. 

Action A-1: Annually recruit 10,000 science and mathematics teachers by awarding 4-year 
scholarships and thereby educating 10 million minds. Attract 10,000 of America’s brightest students to the 
teaching profession every year, each of whom can have an impact on 1,000 students over the course of their 
careers. The program would award competitive 4-year scholarships for students to obtain bachelor’s degrees in 
the physical or life sciences, engineering, or mathematics with concurrent certification as K-12 science and 
mathematics teachers. The merit-based scholarships would provide up to $20,000 a year for 4 years for qualified 
educational expenses, including tuition and fees, and require a commitment to 5 years of service in public K-12 
schools. A $10,000 annual bonus would go to participating teachers in underserved schools in inner cities and 
rural areas. To provide the highest-quality education for undergraduates who want to become teachers, it would be 
important to award matching grants, on a one-to-one basis, of $1 million a year for up to 5 years, to as many as 
100 universities and colleges to encourage them to establish integrated 4-year undergraduate programs leading to 
bachelor’s degrees in the physical and life sciences, mathematics, computer sciences, or engineering with teacher 
certification. The models for this action are the UTeach at the University of Texas and California Teach at the 
University of California. 

Action A-2: Strengthen the skills of 250,000 teachers through training and education programs at 
summer institutes, in master’s programs, and in Advanced Placement (AP) and International 
Baccalaureate (IB) training programs. Use proven models to strengthen the skills (and compensation, which is 
based on education and skill level) of 250,000 current K-12 teachers. 

• Summer institutes: Provide matching grants to state and regional 1- to 2-week summer institutes to 
upgrade the skills and state-of-the-art knowledge of as many as 50,000 practicing teachers each summer. The 
material covered would allow teachers to keep current with recent developments in science, mathematics, and 
technology and allow for the exchange of best teaching practices. The Merck Institute for Science Education is 
one model for this action. 

• Science and mathematics master ’s programs: Provide grants to research universities to offer, over 5 
years, 50,000 current middle school and high school science, mathematics, and technology teachers (with or 
without imdergraduate science, mathematics, or engineering degrees) 2-year, part-time master’s degree programs 
that focus on rigorous science and mathematics content and pedagogy. The model for this action is the University 
of Pennsylvania Science Teachers Institute. 

• AP, IB, and pre-AP or pre-IB training: Train an additional 70,000 AP or IB and 80,000 pre-AP or 
pre-IB instructors to teach advanced courses in science and mathematics. Assuming satisfactory performance, 
teachers may receive incentive payments of $1,800 per year, as well as $100 for each student who passes an AP or 
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IB exam in mattiematics or science. There are two models for this program: the Advanced Placement Incentive 
Program and Laying the Foundation, a pre-AP program. 

• K-12 curriculum materials modeled on a world-class standard: Foster high-quality teaching with 
world-class curricula, standards, and assessments of student learning. Convene a national panel to collect, 
evaluate, and develop rigorous K-12 materials that woidd be available free of charge as a voluntary national 
curriculum. The model for this action is the Project Lead the Way pre-engineering courseware. 

Action A-3: Enlarge the pipeline of students who are prepared to enter college and graduate with a degree 
in science, engineering, or mathematics by increasing the number of students who pass AP and 16 science 
and mathematics courses. Create opportunities and incentives for middle school and high school students to 
pursue advanced work in science and mathematics. By 2010, increase the number of students who take at least 
one AP or IB mathematics or science exam to 1.5 million, and set a goal of tripling the number who pass those 
tests to 700, 000.“* Student incentives for success would include 50% examination fee rebates and $100 mini- 
scholarships for each passing score on an AP or IB science or mathematics examination. 

Although it is not included amor^ the implementation actions, the committee also finds attractive the 
expansion of two approaches to improving K-12 science and mathematics education that are already in use: 

• Statewide specialty high schools: Specialty secondary education can foster leaders in science, 
technology, and mathematics. Specialty schools immerse students in high-quality science, technology, and 
mathematics education; serve as a mechanism to test teaching materials; provide a training ground for K-12 
teachers; and provide the resources and staff for summer programs that introduce students to science and 
mathematics. 

• Inquiry-based learning: Summer internships and research opportunities provide especially valuable 
laboratory experience for both middle-school and high-school students. 

SOWING THE SEEDS 

THROUGH SCIENCE AND ENGINEERING RESEARCH 


Recommendation B: Sustain and strengthen the nation 's traditional conunittnent to long-term 
basic research that has the potential to be transformational to maintain the flow of new ideas that fuel 
the economy, provide security, and enhance the quality of life. 


Implementation Actions 

Action B-1: Increase the federal investment in long-term basic research by 10% each year over the 
next 7 years through reallocation of existing funds^ or, if necessary, through the investment of new funds. Special 
attention should go to the physical sciences, engineering, mathematics, and information sciences and to 
Department of Defense (DoD) basic-research funding. This special attention does not mean that there should be a 
disinvestment in such important fields as the life sciences or the social sciences. A balanced research portfolio in 
all fields of science and engineering research is critical to US prosperity. Increasingly, the most significant new 
scientific and engineering advances are formed to cut across several disciplines. This investment should be 
evaluated regularly to realign the research portfolio to satisfy emerging needs and promises — unsuccessful 
projects and venues of research should be replaced with research projects and venues that have greater potential. 

Action B-2: Provide new research grants of $500,000 each annually, payable over 5 years, to 200 of 
the nation’s most outstanding early-career researchers. The grants would be made through existing federal 
research agencies — the National Institutes of Health (NIH), the National Science Foundation (NSF), the 


This sentence was incorrectly phrased in the original October 1 2, 2005 edition of the executive summary and has now been 
corrected. 

^ The funds may come from anywhere in government, not just other research funds. 
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Department of Energy (DOE), DOD, and the National Aeronautics and Space Administration (NASA) — to 
underwrite new research opportunities at universities and government laboratories. 

Action B-3: Institute a National Coordination Office for Advanced Research Instrumentation and 
Facilities to manage a fund of $500 million in incremental funds per year over the next 5 years — through 
reallocation of existing funds or, if necessary, through the investment of new funds — to ensure that universities 
and government laboratories create and maintain the facilities, instrumentation, and equipment needed for 
leading-edge scientific discovery and technological development. Universities and national laboratories would 
compete annually for these funds. 

Action B-4: Allocate at least 8% of the budgets of federal research agencies to discretionary 
funding that would be managed by technical program managers in the agencies and be focused on catalyzing 
high-risk, high-payoff research of the type that often suffers in today’s increasingly risk-averse environment. 

Action B-5: Create in the Department of Energy an organization like the Defense Advanced 
Research Projects Agency (DARPA) called the Advanced Research Projects Agency-Energy (ARPA-E).^ 
The director of ARPA-E would report to the under secretary for science and would be charged with sponsoring 
specific research and development programs to meet the nation's long-term energy challenges. The new agency 
would support creative “out-of-the-box” transformational generic energy research that industry by itself cannot or 
will not support and in which risk may be high but success would provide dramatic benefits for the nation. This 
would accelerate the process by which knowledge obtained through research is transformed to create jobs and 
address environmental, energy, and security issues. ARPA-E would be based on the historically successful 
DARPA model and would be designed as a lean and agile organization with a great deal of independence that can 
start and stop targeted programs on the basis of performance and do so in a timely manner. The agency would 
itself perform no research or transitional effort but would fund such work conducted by universities, startups, 
established firms, and others. Its staff would turn over approximately every 4 years. Although the agency would 
be focused on specific energy issues, it is expected that its work (like that of DARPA or NIH) will have important 
spinoff benefits, including aiding in the education of the next generation of researchers. Funding for ARPA-E 
would start at $300 million the first year and increase to $1 billion per year over 5-6 years, at which point the 
program’s effectiveness would be evaluated and any appropriate actions taken. 

Action B-6: Institute a Presidential Innovation Award to stimulate scientific and engineering 
advances in the national interest. Existing presidential awards recognize lifetime achievements or promising 
young scholars, but the proposed new awards would identify and recognize persons who develop unique scientific 
and engineering innovations in the national interest at the time they occur. 


“^One committee member, Lee Raymond, does not support this action item. He does not believe that ARPA-E is necessary, 
because energy research is alrea<^ well funded by the federal government, along with formidable funding by the private 
sector. Also, ARPA-E would, in his view, put the federal government into the business of picking "winning energy 
technologies"— a role best left to the private sector. 
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BEST AND BRIGHTEST 

IN SCIENCE AND ENGINEERING HIGHER EDUCATION 


Recommendation C: Make the United States the most attractive setting in which to stu^ and perform 
research so that we can develop, recruit, and retain the best and brightest students, scientists, and engineers 
from within the United States and throughout the world. 


Implementation Actions 


Action C-1: Increase the number and proportion ofUS citizens who earn bachelor’s degree In the 
physical sciences, the life sciences, engineering, and mathematics by providing 25,000 new 4-year 
competitive undergraduate scholarships each year to US citizens attending US institutions. The 
Undergraduate Scholar Awards in Science, Technology, Ei^ineering, and Mathematics (USA-STEM) would be 
distributed to states on the basis of the size of their congressional delegations and awarded on the basis of national 
examinations. An award would provide up to $20,000 annually for tuition and fees. 

Action C-2: Increase the number ofUS citizens pursuing graduate study in ^‘areas of national need” 
by funding 5,000 new graduate fellowships each year. NSF should administer the program and draw on the 
advice of other federal research agencies to define national needs. The focus on national needs is important both 
to ensure an adequate supply of doctoral scientists and engineers and to ensure that there are appropriate 
employment opportunities for students once they receive their degrees. Portable fellowships would provide a 
stipend of $30,000^ annually directly to students, who would choose where to pursue graduate studies instead of 
being required to follow faculty research grants, and up to $20,000 annually for tuition and fees. 

Action C-3: Provide a federal tax credit to encourage employers to make continuing education 
available (either internally or though colleges and universities) to practicing scientists and engineers. These 
incentives would promote career -long learning to keep the workforce productive in an environment of rapidly 
evolving scientific and engineering discoveries and technological advances and would allow for retraining to meet 
new demands of the job market. 

Action C-4: Continue to improve visa processing for international students and scholars to provide 
less complex procedures and continue to make improvements on such issues as visa categories and duration, 
travel for scientific meetings, the technology alert list, reciprocity agreements, and changes in status. 

Action C-5: Provide a 1-year automatic visa extension to international students who receive 
doctorates or the equivalent in science, technology, engineering, mathematics, or other fields of national 
need at qualified US institutions to remain in the United States to seek employment. If these students are 
offered jobs by US-based employers and pass a security screening test, they should be provided automatic 
work permits and expedited residence status. If students are unable to obtain employment within 1 year, their 
visas would expire. 

Action C-6: Institute a new skills-based, preferential immigration option. Doctoral-level education 
and science and engineering skills would substantially raise an applicant’s chances and priority in obtaining US 
citizenship. In the interim, the number of H-IB visas should be increased by 10,000, and the additional visas 
should be available for industry to hire science and engineering applicants with doctorates from US universities.^ 


’ An incorrect number was provided for the graduate student stipend in the ordinal October 12, 2005 edition of the executive 
summary. 

® Since ^e report was released, the committee has learned that the Consolidated Appropriations Act of 2005, signed into law 
on December 8, 2004, exempts individuals that have received a master’s or higher education degree from a US university 
from the statutory cap (up to 20,000). The bill also raised the H-lb fee and allocated funds to train American workers. The 
committee believes that^is provision is sufficient to respond to its recommendation — even though the 10,000 additional 
vi^s recommended is specifically for science and engineering doctoral candidates from US universities, which is a narrower 
subgroup. 
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Action C-7: Reform the current system of “deemed exports”. The new system should provide 
international students and researchers engaged in fundamental research in the United States with access to 
information and research equipment in US industrial, academic, and national laboratories comparable with the 
access provided to US citizens and permanent residents in a similar status. It would, of course, exclude 
information and facilities restricted under national-security regulations. In addition, the effect of deemed-exports ^ 
regulations on the education and fundamental research work of international students and scholars should be 
limited by removing from the deemed-exports technology list all technology items (information and equipment) 
that are available for purchase on the overseas open market from foreign or US companies or that have manuals 
that are available in the public domain, in libraries, over the Internet, or from manufacturers. 


INCENTIVES FOR INNOVATION 

Recommendation D: Ensure that the United States is the premier place in the world to innovate; invest in 
downstream activities such as manufacturing and marketing; and create high-paying jobs based on innovation 
by such actions as modernizing the patent system, realigning tax policies to encourage innovation, and 
ensuring affordable broadband access. 

Implementation Actions 

Action D-1: Enhance intellectual-property protection for the 21st-century global economy to ensure 
that systems for protecting patents and other forms of intellectual property underlie the emerging knowledge 
economy but allow research to enhance innovation. The patent system requires reform of four specific kinds: 

• Provide the US Patent and Trademark Office with sufficient resources to make intellectual-property 
protection more timely, predictable, and effective. 

• Reconfigure the US patent system by switching to a “first-inventor-to-file” system and by instituting 
administrative review after a patent is granted. Those reforms would bring the US system into 
alignment with patent systems in Europe and Japan. 

• Shield research uses of patented inventions from infringement liability. One recent court decision 
could jeopardize the long-assumed ability of academic researchers to use patented inventions for 
research. 

• Change intellectual-property laws that act as barriers to innovation in specific industries, such as 
those related to data exclusivity (in pharmaceuticals) and those that increase the volume and 
unpredictability of litigation (especially in information-technology industries). 

Action D-2: Enact a stronger research and development tax credit to encourage private investment 
in innovation. The current Research and Experimentation Tax Credit goes to companies that increase their 
research and development spending above a base amount calculated from their spending in prior years. Congress 
and the Administration should make the credit permanent,*® and it should be increased from 20% to 40% of the 
qualifying increase so that the US tax credit is competitive with those of other countries. The credit should be 
extended to companies that have consistently spent large amounts on research and development so that they will 
not be subject to the current de facto penalties for having previously invested in research and development. 

Action D-3: Provide tax incentives for US-based innovation. Many policies and programs affect 
innovation and the nation’s ability to profit from it. It was not possible for the committee to conduct an exhaustive 
examination, but alternatives to current economic policies should be examined and, if deemed beneficial to the 


® The controls governed by the Export Administration Act and its implementing regulations extend to the transfer of 
technology. Technology includes "specific information necessary for frie ‘development,’ ‘production,’ or ‘use’ of a product”. 
Providing information that is subject to export controls — for example, about some kinds of computer hardware — ^to a foreign 
national within the United States may be “deemed” an ej^^ort, and that transfer requires an export license. The primary 
responsibility for administering controls on deemed exports lies with the Department of Commerce, but other agencies have 
regulatory authority as well. 

The current R&D tax credit expires in December 2005. 
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United States, pursued. These alternatives could include changes in overall corporate tax rates and special tax 
provisions providing incentives for the purchase of high-technology research and manufacturing equipment, 
treatment of capital gains, and incentives for long-term investments in innovation. The Council of Economic 
Advisers and the Congressional Budget Office should conduct a comprehensive analysis to examine how the 
United States compares with other nations as a location for innovation and related activities with a view to 
ensuring that the United States is one of the most attractive places in the world for long-term innovation-related 
investment and the jobs resulting from that investment. From a tax standpoint, that is not now the case. 

Action D-4: Ensure ubiquitous broadband Internet access. Several nations are well ahead of the 
United States in providing broadband access for home, school, and business. That capability can be expected to do 
as much to drive innovation, the economy, and job creation in the 21st century as did access to the telephone, 
interstate highways, and air travel in the 20th century. Congress and the administration should take action — 
mainly in the regulatory arena and in spectrum management — to ensure widespread affordable broadband access 
in the very near future. 


CONCLUSION 


The committee believes that its recommendations and the actions proposed to implement them merit 
serious consideration if we are to ensure that our nation continues to enjoy the jobs, security, and high standard of 
living that this and previous generations worked so hard to create. Although the committee was asked only to 
recommend actions that can be taken by the federal government, it is clear that related actions at the state and 
local levels are equally important for US prosperity, as are actions taken by each American family. The United 
States faces an enormous challenge because of the disparity it faces in labor costs. Science and technology 
provide the opportunity to overcome that disparity by creating scientists and engineers with die ability to create 
entire new indi^tries — much as has been done in the past. 

It is e^y to be complacent about US competitiveness and preeminence in science and technology. We 
have led the world for decades, and we continue to do so in many research fields today. But the world is changing 
rapidly, and our advantages are no longer unique. Some will argue that this is a problem for market forces to 
resolve — but that is exactly the concern. Market forces are already ar worA: moving jobs to countries with less 
costly, often better educated, highly motivated workforces and friendlier tax policies. 

Without a renewed effort to bolster the foundations of our competitiveness, we can expect to lose our 
privileged position. For the first time in generations, the nation’s children could face poorer prospects than their 
parents and grandparents did. We owe our current prosperity, security, and good health to the investments of past 
generations, and we are obliged to renew those commitments in education, research, and innovation policies to 
ensure that the American people continue to benefit from the remarkable opportunities provided by the rapid 
development of the global economy and its not inconsiderable underpinning in science and technology. 
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SOME COMPETITIVENESS INDICATORS 


US Economy 

• The United States is today a net importer of high-technoloS)^ products. Its trade balance in high- 
technology manufactured goods shifted from plus $54 billion in 1990 to negative $50 billion in 2001 } 

• In one recent period, low-wage employers, such as Wal-Mart (now the nation’s largest employer) and 
McDonald’s, created 44% of the new jobs while high-wage employers created only 29% of the new 
jobs.^ 

• The United States is one of the few countries in which industry plays a major role in providing health 
care for its employees and their families. Starbucks spends more on healthcare than on coffee. General 
Motors spends more on health care than on steel.^ 

• US scheduled airlines currently outsource portions of their aircraft maintenance to China and El 
Salvador. 

• IBM recently sold its personal computer business to an entity in China.^ 

• Ford and General Motors both have junk bond ratings.*^ 

• It has been estimated that within a decade nearly 80% of the world’s middle-income consumers would 
live in nations outside the currently industrialized world. China alone could have 595 million middle- 
income consumers and 82 million upper-middle-income consumers. The total population of the United 
States is currently 300 million and it is projected to be 3 1 5 million in a decade. ’’ 

• Some economists estimate that about half of US economic growth since World War II has been the result 
of technological innovation.® 

• In 2005, American investors put more new money in foreign stock funds than in domestic stock 
portfolios.^ 


Comparative Economics 

• Chemical companies closed 70 facilities in the United States in 2004 and tagged 40 more for shutdown. 
Of 120 chemical plants being built around the world with price tags of $1 billion or more, one is in the 
United States and 50 are in China. No new refineries have been built in the United States since 1976. 

• The United States is said to have 7 million illegal immigrants," but under the law the number of visas set 
aside for “highly qualified foreign workers,” many of whom contribute significantly to the nation’s 
innovations, dropped to 65,000 a year from its 195,000 peak." 

• When asked in spring 2005 what is the most attractive place in the world in which to “lead a good life”, 
respondents in only one (India) of the 16 countries polled indicated the United States. " 

• A company can hire nine factory workers in Mexico for the cost of one in America. A company can hire 
eight young professional engineers in India for the cost of one in America." 

• The share of leading-edge semiconductor manufacturing capacity owned or partly owned by US 
companies today is half what it was as recently as 2001." 

• During 2004, China overtook the United States to become the leading exporter of information- 
technology products, according to the OECD." 

• The United States ranks only 12th among OECD countries in the number of broadband connections per 
100 inhabitants." 
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K-12 Education 

• Fewer than one-third of US 4th grade and 8th grade students performed at or above a level called 
“proficient” in mathematics; “proficiency” was considered the ability to exhibit competence with 
challenging subject matter. Alarmingly, about one-third of the 4thgraders and one-fifth of the 8th 
graders lacked the competence to perform even basic mathematical computations.^* 

• In 1999, 68% of US 8th grade students received instruction fi'om a mathematics teacher who did not hold 
a degree or certification in mathematics.^^ 

• In 2000, 93% of students in grades 5-9 were taught physical science by a teacher lackir^ a major or 
certification in the physical sciences (chemistry, geology, general science, or physics).^® 

• In 1995 (the most recent data available), US 12th graders performed below the international average for 
21 countries on a test of general knowledge in mathematics and science.^* 

• US 15-year-olds ranked 24th out of 40 coimtries that participated in a 2003 administration of the 
Program for International Student Assessment (PISA) examination, which assessed students’ ability to 
apply mathematical concepts to real-world problems.^^ 

• According to a recent survey, 86% of US voters believe that the United States must increase the number 
of workers with a background in science and mathematics or America’s ability to compete in the global 
economy will be diminished.^^ 

• American youth spend more time watcliing television^ than in school.^^ 

• Because the United States does not have a set of national curricula, changing K-12 education is 
challenging, given that there are almost 15,000 school systems in the United States and the average 
district has only about 6 schools. 

Higher Education 

• In South Korea, 38% of all undergraduates receive their degrees in natural science or engineering. In 
France, the figure is 47%, in China, 50%, and in Singapore 67%. In the United States, the corresponding 
figure is 1 5%.^^ 

• Some 34% percent of doctoral degrees in natural sciences (including the physical, biological, earth, 
ocean, and atmospheric sciences) and 56% of engineerir^ PhDs in the United States are awarded to 
foreign-bom students.^* 

• In the U.S. science and technology workforce in 2000, 38% of PhDs were foreign-bom. ^ 

• Estimates of the number of engineers, computer scientists, and information technology students who 
obtain 2- 3-, or 4-year degrees vary. One estimate is that in 2004, China graduated about 350,000 
engineers, computer scientists, and information technologists with 4-year degrees, while the United 
States graduated about 140,000. China also graduated about 290,000 with 3-year degrees in these same 
fields, while the US graduated about 85,000 with 2- or 3-year degrees.^® Over the past 3 years alone, 
both China^^ and India^^ have doubled their production of 3- and 4-year degrees in these fielc^, while the 
United States’^ production of engineers is stagnant and the rate of production of computer scientists and 
information technologists doubled. 

• About one-third of US students intending to major in er^ineering switch majors before graduating.^'' 

• There were almost twice as many US physics bachelor’s degrees awarded as in 1956, the last graduating 
class before Sputnik than in 2004.^^ 

• More S&P 500 CEOs obtained their undergraduate degrees in er^ineering than in any other field.^^ 
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Research 

• In 2001 (the most recent year for which data are available), US industry spent more on tort litigation than 
on research and development.^’ 

• In 2005, only four American companies ranked among the top 10 corporate recipients of patents granted 
by the United States Patent and Trademark Office.^® 

• Beginning in 2007, the most capable high-energy particle accelerator on Earth will, for the first time, 
reside outside the United States.^^ 

• Federal funding of research in the physical sciences, as a percentage of GDP, was 45% less in FY 2004 
than in FY 1976.‘’°The amount invested annually by the US federal government in research in the 
physical sciences, mathematics, and engineering combined equals the annual increase in US health care 
costs incurred every 20 days.**^ 
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PERSPECTIVES 


• "We go where the smart people are. Now our business operations are two-thirds in the U.S. and one-third 
overseas. But that ratio will flip over the next ten years." — Intel spokesman Howard High**^ 

• “If we don’t step up to the challenge of finding and supporting the best teachers, we’ll undeimine 
everything else we are trying to do to improve our schools.” — Louis V. Gerstner, Jr., Former Chairman, 
IBM" 

• “If you want good manufacturing jobs, one thing you could do is graduate more engineers. We had more 
sports exercise majors graduate than electrical engineering grads last year.” — Jeffrey R. Immelt, Chairman 
and Chief Executive Office, General Electric'” 

• “If I take the revenue in January and look again in December of that year 90% of my December revenue 
comes from products which were not there in January.” — Craig Barrett, Chairman of the Intel 
Corporation'*^ 

• “When I compare our high schools to what I see when I’m traveling abroad, I am terrified for our workforce 
of tomorrow.” — Bill Gates, Chairman and Chief Software Architect of Microsoft Corporation'** 

• “Where once nations measured their strength by the size of their armies and arsenals, in the world of the 
future knowledge will matter most." — President Bill Clinton**^ 

• “Science and technology have never been more essential to the defense of the nation and the health of our 
economy.” — President George W. Bush"** 
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A DISTURBING MOSAIC* 


In The World Is Flat: A Brief History of the Twenty-First Century^ Thomas Friedman 
asserts that the international economic playing field is now “more level” than it has ever been.^ 
The causes of this “flattening” include easier access to information technology and rising 
technical competences abroad that have made it possible for US companies to locate call centers 
in India, coordinate the complex supply chains and work flows that enable manufacturing in 
China, and conduct “back office” service functions abroad. It is not uncommon for radiologists 
in India, for example, to read x-ray pictures of patients in US hospitals. Architects in the United 
States have their (i'awings made in Brazil. Software is written for US firms in Bangalore. 

Ireland has successfully put into place a set of policies to attract companies and their research 
activities, as has Finland. The European Union is actively pursuing policies to enhance the 
innovation environment, as are Singapore, China, Japan, South Korea, Taiwan, and many other 
countries. 

Friedman argues that, despite the dangers, a flat world is on balance a good thing — 
economically and geopolitically. Lower costs benefit consumers and shareholders in developed 
countries, and the rising middle class in India and China will become consumers of those 
countries’ products as well as ours. That same rising middle class will have a stake in the 
“frictionless” flow of international commerce — and hence in stability, peace, and the rule of law. 
Such a desirable state, writes Friedman, will not be achieved without problems, and whether 
global flatness is good for a p^icular country depends on whether that country is prepm'ed to 
compete on the global playing field, which is as rough and tumble as it is level. 


^ Major portions of this chapter were adapted from an article of the same name by Wm. A. Wulf, president of the 
National Academy of Engineerir^ in the fall 2005 issue of The Bridge, a journal of the National Academies, 

^T. L. Friedman, The Worldls Flat: A Brief History of^e Twenty-First Century, New York: Farffl", Sttaus and 
Giroux, 2005. 

^ An alternative point of view is presented in Box 1 - 1 
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BOX 1-1 

Another Point of View: The World Is Not Flat'^ 

Some believe that although the world is certainly a more competitive place, it is not 
“flat”. It is more competitive because access to knowledge is easier than ever before, but the rise 
of scientific competence and the apparent flight of high-technology jobs abroad is no more likely 
to dislodge the United States from its science and technology leadership than were previous 
challenges from the Soviet Union in the 1950s and 1960s or from Japan in the 1980s. 

For example, Americans are alarmed to read of the large numbers of well-educated, 
English-speaking young people in India vying with US workers for jobs via the Internet. In fact, 
only about 6% of Indimi students make it to college; of those who do, only two- thirds graduate. 
Just a small fraction of India’s citizenry can read English; of these, a smaller fraction can speak it 
well enough to be understood by Americans. In China, where the numbers of engineers and other 
technically trained people are rising, government skepticism about the Internet and aspects of 
free markets is likely to hinder the advance of national power. 

China and India indeed have low wage structures, but the United States has many other 
advantages. These include better a science and technology infrastructure, stronger venture-capital 
markets, an ability to attract talent from around the world, and a culture of inventiveness. 
Comparative advantage shifts from place to place over time and always has; the earth cannot 
really be flattened. The US response to competition must include proper retraining of those who 
are disadvantaged and adaptive institutional and policy responses that make the best use of 
opportunities that arise. 


Friedman asks rhetorically whether his own country is proving its readiness by “investing 
in our future and preparing our children the way we need to for the race ahead”. Friedman’s 
answer, not surprisingly, is no. 

This report addresses the possibility that our lack of preparation will reduce the ability of 
the United States to compete in such a world. Many underlying issues are technical; some are 
not. Some are “political” — not in the sense of partisan politics, but in the sense of “bringing the 
rest of the body politic along”. Scientists and engineers often avoid such discussions, but the 
stakes are too high to keep silent any longer. 

Friedman’s term quiet crisis, which others have called a “creeping crisis”, is reminiscent 
of the folk tale about boiling a frog. If a frog is dropped into boiling water, it will immediately 
jump out and survive. But a frog placed in cool water tliat is heated slowly until it boils won’t 
respond until it is too late. 

Our crisis is not the result of a one-dimensional change; it is more than a simple incre^e 
in water temperature. And we have no single awakening event, such as Sputnik The United 
States is instead facing problems that are developing slowly but surely, each like a tile in a 
mosaic. None by itself seems sufficient to provoke action. But the collection of problems reveals 
a disturbing picture — a recurring pattern of abundant short-term thinking and insufficient long- 
term investment. Our collective reaction thus far seems to presuppose that the citizens of the 
United States and their children are entitled to a better quality of life than others, and that all 
Americans need do is circle the wagons to defend that entitlement. Such a presupposition does 


* This box was adapted from Jagdish Bhagwati. The world is not flat. The Wall SUeet Journal. August 4, 2005. p. 
A12. 
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not reflect reality and neither recognizes the dangers nor seizes the opportunities of current 
circumstmices. Furthermore, it won’t work. 

In 2001, the H^-Rudman commission on national security, which foresaw large-scale 
terrorism in America and proposed the establishment of a cabinet-level Homeland Security 
organization before the terrorist attacks of 9/11, put the matter this way:^ 

The inadequacies of our system of research and education pose a greater threat to U.S. 
national security over the next quarter century than any potential conventional war that 
we might imagine. 

President George W. Bush has said that 

“Science and technology have never been more essential to the defense of the nation and 
the health of our economy.”^ 

A letter from the leadership of the National Science Foundation to the President’s Council of 
Advisors on Science and Technology put the case even more bluntly: ^ 

Civilization is on the brink of a new industrial order. The big winners in 
the increasingly fierce global scramble for supremacy will not be those 
who simply make commodities faster and cheaper than the competition. 

They will be those who develop talent, techniques and tools so advanced 
that there is no competition. 

This chapter addresses the relevant issues in three related clusters. Later chapters 
examine each cluster in more detail and recommend ways to address the problems that are 
identified. 


CLUSTER 1: TILTED JOBS IN A GLOBAL ECONOMY 

Is the world flat, or is it tilted? Many people who once had jobs in the textile, furniture, 
apparel, automotive, and other manufacturing industries might be forgiven for saying that world 
is decidedly slanted. They watched their jobs run downhill to countries where the workforce 
earns far lower wages. The movement of jobs has accelerated sharply in the last 5 years, 
surprising many employee and employees and disrupting the lives of those who have been 
underbid by “hungry”, skilled job-seekers abroad. 

Large companies use various criteria in making a decision to relocate administrative, 
production, or research and development (R&D) facilities, and they often have a number of 
options. Some reasons cited for relocations in past studies include capitalizing on: 

• Foreign R&D personnel (scientists, engineers, and progr^mers/ who are highly skilled 
and eager to work.^ 


^United States Commission on National SQCuhty, Road Map for National Security: Imperative for Change, 2001' 
'^Remarks by the President in Meeting with High-Tech Leaders, March 28, 2001, 

^The President’s Council of Advisors on Science and Technology, Sustaining the Nation’s Innovation Ecosystems, 
Report on Information Technology Manufacturing md Competitiveness, January 2004 

^D.H. Dalton, M.G. Serapio, Jr., P.G. Yoshida. 1999. Globalizing IndustrialResearchandDevelopment U.S. 
Department of Commerce, Technology Adminisfration, Office of Technology Policy. 

^ Grant Gross. CEOs defend moving jobs offshore at tech summit. InfoWorld. October 9, 2003. 
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• New science mid technology in fresh environments.^® 

• Technological developments abroad.^^ 

• Joint and cooperative research products. 

• Proximity to offshore manufacturing.^^ 

• Lower costs of conducting R&D, particularly labor costs. 

• Reduced labor costs associated with employing foreign workers. 

• Proximity to growing markets. 

• US regulation and R&D climates, including strict regulatory regimes, high risks of legal 
liability, and technology transfer limitations.^^ 

• High-technology centers with skilled personnel, world-class R&D infrastructure, vibrant 
research cultures, government incentives, and intellectual-property protection. 

• Lower corporate tax rates and special tax incentives. 

• Increasingly high-quality research universities. 

The global forces that affect employment have swirled into the service sector, once 
thought secure from international competition. First, there was outsourcing, which allows 
employers to reassign some jobs by contracting them to specialty firms that can do the jobs better 
or more cheaply. At first, jobs were outsourced within the United States, but “offshoring” soon 
sent jobs overseas, beyond the reach of US workers. That practice has become especially 
controversial, and there has been an outcry for measures to protect those jobs for the domestic 
market. In some states, legislation has been proposed to curb outsourcing through such initiatives 
as Opportunity Indiana, the Keep Jobs in Colorado Act, and the American Jobs Act of 
Wisconsin. 

Offshoring has become established, however, and it is merely one logical outcome of a 
flatter world. Furthermore, protectionist measures have historically proved counterproductive. 

For several years, US companies that outsource information-technology jobs have all but ordered 
their contractors to send some portion of the work overseas to gain hiring flexibility, cut 
employment costs — by 40% in some cases^^ — and cut overhead costs for the home company.^® 
Employers also hire offshore workers to gain access to better-trained workers or those with 
specialized skills, to move the workforce closer to manufacturing or production facilities, or to 
gain access to desirable markets. In India, US companies can hire insurance-claims processors, 


^‘’Dalton, 1999. 

“Dalton, 1999. 

“Dalton, 1999' 

“ Mehlman, Bruce. 2003. Offshore Outsourcing and the Future of American Competitiveness. 

“Dalton, 1999. 

“ See, for example, tech in China; is it a threat to Silicon Valley?” Business Week online. October 28, 2002 
“B. Callan, S. Costigan, K. Keller. 1997. Exporting U.S. High Tech: Facts and Fiction about the Globalization of 
Industrial R&D, Council on Foreign Relations, New York, NY. 

“Dalton, 1999' 

“Dinesh C. Sharma and Mike Yamamoto. How India is handling international backlash. CNET news.com. May 6, 
2004. . 

“ The Garttier Group, an organization that analyzes the information-technology sector, estimates that companies can 
achieve cost savings of 25%-30% through successful outsourcing. But Gartner also warns that offshoring could 
produce lower savings than estimated if backup service and other costs are not considered, . 

Julia King. Its itineraty: Offshore outsourcing is inevitable. Computerworld, Sept. 15, 2003, 

Ron Hira, Rochester Institute of Technology, presentation to Committee on Science. Engineerii^, and Public 
Policy, Workshop on International Students and Postdoctoral Scholars, National Academies, July 2004. 
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medical transcriptionists, accountants, engineers, computer scientists, and other English-speaking 
workers for, on average, about one-fifth the salaries those employees would earn here. Because 
about three-fourths of all US jobs are now in the service sector, millions of US employees are 
at risk of losing their jobs to overseas workers. 

Offshoring also could place downwM’d pressure on wages at home.^*^ Fewer than a 
million jobs have been sent overseas so far,^^ but even that number could be broadly affecting 
the economy as displaced workers seek jobs held by others or are forced to accept lower wages 
to keep their existing jobs. 

Because offshoring of service-sector jobs is a recent phenomenon, few analysts offer 
predictions about its long-term effects on the US economy. The classical view of free trade, as 
articulated nearly 2 centuries ago by British economist David Ricardo, states that if a nation 
specializes in making a product in which it has a comparative cost advantage and if it trades with 
another nation for a product in which that nation has a similar cost advantage, both countries will 
be better off than if they had each made both products themselves. But does that theory hold in 
a world where not only goods but many services are tradable as well? Will wages merely fall 
worldwide as more knowledge workers enter the jobs arena? 

Most economists believe that Ricardo is still correct — that there will be gains for all such 
nations. They acknowledge that there might be a transition phase in which wages for lower- 
skilled workers in a rich country like the United States will fall. Some say that there is, however, 
no reason to believe that wages for highly skilled workers will fall in either the short run or the 
long run.^^ Economist Paul Romer argues that technological change continues to increase the 
demand for workers with high levels of education.^^ As a result, wages for US workers with at 
least a college education continue to rise faster than wages for other workers. Tlie low wages for 
highly skilled workers seen in such countries as China and India are not a sign that the 
worldwide supply of highly skilled workers is so large that worldwide wages are now falling or 
are about to fall, says Romer. In those economies, wages for skilled workers are low because 
these workers were previously cut off from the deep and rapidly growing pool of technological 
knowledge that existed outside their borders. As they have opened up their economies so that this 
knowledge can now flow in, wages for highly skilled workers have grown rapidly. 

With the collapse of the high-technology bubble, some highly skilled workers in the 
United States have experienced a fall in their wages from the values that prevailed at the peak. 
Moreover, at every level of education, there is wide variation in compensation and career paths. 
Some engineers and scientists, even now, are unemployed or underemployed, just as some 
physicians, MBAs, and lawyers are unemployed or underemployed. It would be a mistake, 


Geoffrey Colvin. Can Americans compete? Is America Qxe world's 97-lb. weakling? Yortxme. July 25, 2005. 
Forrester Research, a technology and market rese^ch company, estimates that 3.3 million white-collar jobs could 
be sent offshore by 2015. "Tom Pohlman. Topic Overview. Outsourcing, Q3 2005." September 12, 2005, Available 
at: http:/Avww.forrester.com/Research/Document/0,721 l,37613,00.html. 

^‘'Richard Freeman. It’s a flat world, after all. The New York Times. April 3, 2005. Section 6; Colxrmn 1; Magazine 
Desk; Pg. 33 
Colvin, ibid. 

^®The Concise Encyclopedia of Economics. "Biography of David Ricardo." Available at; 
http://www.econlib.org/library/Enc/bios/Ricardo.html. 

^^T. L. Friedman. The World Is Flat: A Brief History of ^e Twenty-First Century, p. 227. 

E-mail communication from P. Romer to D. Stine, Sept 22, 2005. 

Autor, David, Katz, Lawrence, and Melissa Kearney. 2005. Trends in U.S. Wage Inequality: Re-Assessing the 
Revisionists. National Bureau of Economic Research. Working Paper 1 1627 for a recent summary of the evidence 
on friis point. 
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according to Romer, for public policy to limit the training of new physicians only because some 
of them end up with careers that are not as lucrative or rewarding as they had hoped. In the same 
way, public-policy decisions about the supply of scientists and engineers should not be guided by 
an attempt to provide a guaranteed high level of income for every recipient of an advanced 
degree. It is also important that scientists and engineers tend, through innovation, to create new 
jobs not only for themselves but also for workers throughout the economy. 

Some economists believe that there might be a transition phase in some fields during 
which wages fall, but they assert that there is no reason to believe that such a dip would be 
permanent, because the global economic pie keeps growing.^^ 

It has also been argued that in a period of tectonic change such as the one that the global 
community is now undergoing, there will inevitably be nations and individuals that are winners 
or losers. It is the view of this committee that the determining factors in such outcomes are the 
extent of a nation’s commitment to get out and compete in the global marketplace. 

New generations of US scientists and engineers, assisted by progressive government 
policies, could lead the way to US leadership in the new, flatter world — as long as US workers 
remain among the best educated, hardest-working, best trained, and most productive in the 
world. 

That, of course, is the challenge. 


CLUSTER 2: DISINVESTMENT IN THE FUTURE 


The most effective way for the United States to meet the challenges of a flatter world 
would be to draw heavily and quickly on its investments in human capital. We need people who 
have been prepared for the kinds of knowledge-intensive occupations in which the nation must 
excel. Yet the United States has for a number of decades fallen short in making the kinds of 
investments that will be essential in a global economy. 

Loss of Human Capital 


An educated, innovative, motivated workforce — human capital — is the most precious 
resource of any country in this new, flat world. Yet there is widespread concern about our K-12 
science and mathematics education system, the foundation of that human capital in today’s 
global economy. A recent Gallup poll^^ asked respondents, “Overall, how satisfied are you with 
the quality of education students receive in kindergarten through grade twelve in the U.S. 
today — would you say you are completely satisfied, somewhat satisfied, somewhat dissatisfied 
or completely dissatisfied?” More than 50% were either “completely dissatisfied” or “somewhat 
dissatisfied” with our schooling. According to the poll results, the critical required change would 
be to produce better educated, higher-quality teachers. This committee shares that view, 
particularly in connection with education in science and mathematics. By far the highest leverage 


L. Friedman, The Worldls Flat: ABrief History of the Twenty-First Century, p. 227. 

Gallup Poll, August 8-11, 2005, ± 3% margin of error, sample size= 1,001. As found at 
http://www.galiup.com/poll/content/default.aspx?ci=18421 on 14 Sept. 2005. 

Gallup Poll, August 9-11, 2004, ± 3% margin of error, sample size= 1,017. As found at on 14 Sept. 2005. 
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to be found in our education system resides with teachers, if for no other reason than that they 
influence such a large number of future workers. 

Students in the United States are not keeping up with their counterparts in other 
countries. In 2003 the Organisation for Economic Co-operation and Development’s Programme 
for International Student Assessment” measured the performance of 15-year-olds in 49 
industrialized countries. It found that US students scored in the middle or in the bottom half of 
the group in three important ways: our students placed 16th in reading, 19th in science literacy, 
and 24th in mathematics.^"^ In 1996 (the most recent data available), US 12th graders performed 
below the international average of 2 1 countries on a test of general knowledge in mathematics 
and science. 

After secondary school, fewer US students pursue science and engineering degrees than 
is the case of students in other countries. About 6% of our undergraduates major in engineering; 
that percentage is the second lowest among developed countries. Engineering students make up 
about 12% of undergraduates in most of Europe, 20% in Singapore, and more than 40% in 
China. Students throughout much of the world see careers in science and engineering as the path 
to a better future. 


Higher Education as a Private Good 


Our culture has always considered higher education a public good — or at least we have 
seemed to do so. We have agreed as a society that educated citizens benefit the whole society; 
that the benefit accrues to us all and not just to those who receive the education. That was a 
primary reason for the creation in the 1860s of the land-grant college system; it is why early in 
the 20th century universal primary and secondary schooling was supported; it is why a system of 
superior state universities was created and generously supported and scholarships were given to 
needy students; and it is why the Serviceman’s Readjustment Act of 1944 — ^the GI Bill — was 
established and why the National Defense Education Act was passed in 1958 shortly after the 
launch of Sputnik. 

Now, however, funding for state universities is dwindling, tuition is rising, and students 
are borrowing more than they receive in grants. These seem to be indications that our society 
increasingly sees higher education as a private good, of value only to the individual receiving it. 
A disturbing aspect of that change is its consequences for low-income students. College has been 
a traditional path for upward mobility — and this has been particularly true in the field of 
engineering for students who were first in their family to attend college. The acceptance of 
higher education as a personal benefit rather than a public good, the growth of costly private K- 
12 schooling, and the shift of the cost burden to individuals have made it increasingly difficult 
for low-income students to advance beyond high school. In the long run, tlie nation as a whole 
will suffer from the lack of new talent that could have been discovered and nurtured in 
affordable, accessible, high-quality public schools, colleges, and universities. 


” Organisation for Economic Cooperation and Development. "Program for International Student Assessment." 
Available at: http://www.pisa.oecd.org. 

^''The report included results from 49 countries, http://www.pisa.oecd.Org/dataoecd/l/63/34002454.pdf. 

National Science Board. 2004. Science and Engineering Indicators 2004 (NSB 04-01). Arlington, VA: National 
Science Foundation. Chapter 1 . 
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Trends in Corporate Research 


The US research structure that evolved after World War II was a self-reinforcing triangle 
of industry, academe, and government. Two sides of that triangle — industrial research and 
government investment in R&D as a fraction of GDP have changed dramatically. Some of the 
most important fundamental research in the 20th century was accomplished in corporate 
laboratories — Bell Labs, GE Resem’ch, IBM Research, Xerox PARC, and others. Since that time, 
the corporate research structure has been significantly eroded. One reason might be the challenge 
of capturing the results of research investments within one company or even a single nation on a 
long-term b^is. The companies and nation can, however, capture high-technology discoveries at 
least for the near term (5-10 years) and enhance the importance of innovation in jobs. For 

example, the United States has successfully capitalized on research in monoclonal antibodies, 
network systems, mid speech recognition. As a result, corporate funding of certain applied 
resem-ch has been enhanced at such companies as Google and Intel and at many biotechnology 
companies. Nonetheless, the increasing pressure on corporations for short-term results has made 
investments in research highly problematic. 

Funding for Research in the Physical Sciences and Engineering 


Although support for research in the life sciences increased shm'ply in the 1990s and 
produced remarkable results, funding for research in most physical sciences, mathematics, and 
engineering has declined or remained relatively flat — in real purchasing power — ^for several 
decades. Even to those whose principal interest is in health or health care, that seems short- 
sighted: Many medical devices and procedures — such as endoscopic surgery, “smart” 
pacemakers, kidney dialysis, and magnetic resonance imaging — are the result of R&D in the 
physical sciences, engineering, and mathematics. The need is to strengthen investment in the 
latter areas while not disinvesting in those areas of the health sciences that are producing 
promising results. Many believe that federal funding agencies — perhaps influenced by the 
stagnation of funding levels in the physical sciences, mathematics and engineering — ^have 
become increasingly risk-averse and focused on short-term results. For example, even the 
generally highly effective Defense Advanced Research Projects Agency (DARPA) has been 
criticized in this regard in congressional testimony. 

Widespread, if anecdotal, evidence shows that even the National Science Foundation and 
the National Institutes of Health (NIH) have changed their approach in this regard. A recent 
National Academies study^^ revealed that the average age at which a principal investigator 
receives his or first grant is 42 years — partly because of requirements for evidence of an 
extensive “track record” to reduce risk to the grant-makers. But reducing the risk for individual 


^'^COSEPUP: 1999, Capitalizing on Investments in S&T. National Academy Press, Washington DC, 

See House Science Committee, http://www-house,gov/science/hearings/full05/mavl2/ - The current director of 
DARPA, however, points out that DARPA’ s job has always been to mine fundamental research, looking for those 
ideas whose time has come to move on to applied developmental research. 

Bridges to Independence: Fostering the Independence of New Investigators in Biomedical Research, Board on 
Life Sciences, National Research Council, National Academies Press, Washington, D,C,, 2004. 

Other observers note that part of the reason for this is die length of the biomedical PhD and postdoctoral period 
and die difficulty of young biomedical researchers in finding initial tenure-track positions, for which many 
institutions require principal -investigator status on ai NIH grant proposal. These trends, which are occurring in spite 
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research projects increases the likelihood that breakthrough, “disruptive” technologies will not 
be found — ^the kinds of discoveries that often yield huge returns. History also suggests that 
young researchers make disproportionately important discoveries. The NIH roadmap"^*^ 
established in FY 2004, recognizes this concern, but the amount of funds devoted to long-term, 
high-payoff, high-risk research remains very limited. 


CLUSTER 3: REACTIONS TO 9/11 


Three other pieces in the mosaic also appear to provide short-term security but little long- 
term benefit. These relate to the events of 9/1 1, which profoundly changed our world and made it 
necessary to re-ex^ine national security issues in an entirely new context. This re-examination 
led to changes in visa policies, export controls, and the treatment of “sensitive but unclassified” 
information. There appears today to be a need to better balance security concerns with the 
benefits of an open, creative society. 


New Visa Policies 


Much has been written about new immigration and visa policies for students and 
researchers. Although there have been improvements in the last several months (at this writing, 
the average time to process a student visa is less dian 2 weeks), there is still concern about 
response times in particular cases. Some promising students wait a year or more for visas; some 
senior scholars are subjected to long and sometimes dememiing review processes. Those cases, 
not the shorter average processing time, are emphasized in the international press. The United 
States is portrayed less as a welcoming land of opportunity than as a place that is hostile to 
foreigners. 

Immigration procedures implemented since 9/1 1 have discouraged students from 
applying to US programs, prevented international research leaders from organizing conferences 
here, and dampened international collaboration. As a result, we are damaging the image of our 
country in the eyes of much of the world. Although there are recent signs of improvement, the 
matter remains a concern. 

This committee is generally not privy to whatever evidence lies in the government’s 
library of classified information, but it is important to recognize that our nation’s borders have 
been crossed by more than 10 million people who are still residing illegally in the United States. 
Set against this background, a way is needed to quickly, legally, and safely admit to our shores 
the relatively small numbers of highly talented people who possess the skills needed to make 
major contributions to our nation’s future competitiveness and well-being. 

Some observers are also concerned that encouraging international students to come to the 
United States will ultimately fill jobs that could be occupied by American citizens. Others worry 


of the recent doubling of the NIH grants budget, suggest an imbalance between demand for and supply of recent 
PhDs. 

The purpose of the roadmap was to identify major opportunities and gaps in biomedical research that no single 
MH institute could tackle alone but that the agency as a whole must address to make die biggest impact on the 
progress of medical research. 
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that such visitors will reduce the compensation that scientists and engineers receive — 
diminishing the desire of Americans to enter those professions. Studies show, however, that the 
financial impact is minimal, especially at the PhD level. Furthermore, scientists and engineers 
tend to be creators of new jobs and not simply consumers of fixed a set of existing jobs. If 
Americans make up a larger percentage of a graduating class, a larger percentage of Americans 
will be hired by corporations. In the end, the United States needs the smartest people, wherever 
they come from throughout the world. The United States will be more prosperous if those people 
live and work in the United States rather than elsewhere. History has emphatically proven this 
point. 


The Use of Export Controls 


Export controls were first instituted in the United States in 1949 to keep weapons 
technology out of the hands of potential adversaries. They have since been used, on occasion, as 
an economic tool against competitors. 

The export of controlled technology requires a license from the Department of Commerce 
or from the Department of State. Since 1994, the disclosure of information regarding a controlled 
technology to some foreign nationals — even when the disclosure takes place inside the United 
States, a practice sometimes called “deemed export” — has been considered the same as the 
export of the technology itself and thus requires an export license. 

Some recent reports"^^ suggest diat implementation of the rules diat govern deemed 
exports should be tightened even further — for example, by altering or eliminating the exemption 
for basic research and by broadening the definition of “access” to controlled technology. 

The academic research community is deeply concerned that a literal interpretation of 
these suggestions could prevent foreign graduate students from participating in US-based 
research and would require an impossibly complex system of enforcement. Given that 55% of 
the doctoral students in engineering in the United States are foreign-bom and that many of these 
students currently remain in the United States after receiving their degrees, the effect could be to 
drastically reduce our talent pool. 

The United States is not the world’s only country capable of performing research; China 
and India, for example, have recognized the value of research universities to their economic 
development and are investing heavily in them. By putting up overly stringent barriers to the 
exchange of information about b^ic research, we isolate ourselves and impede our own 
progress. At the same time, the information we are protecting often is available elsewhere. 

The current fear that foreign students in our universities pose a security risk must be 
balanced against the great advantages of having them here. It is, of course, pmdent to control 
entry to our nation, but as those controls become excessively burdensome they can 
unintentionally harm us. In this regard, it should be noted that Albert Einstein, Edward Teller, 
Enrico Fermi, and many other immigrants enabled the United States to develop the atomic bomb 
and bring World War II to an earlier conclusion than would otherwise have been the case. In 
addition, immigrant scientists and engineers have contributed to US economic growth throughout 


Reports from the inspectors general of the US Departments of Commerce, Defense, and State. As an example, see 
Bureau of Industry and Security, DeemedExport Controls May Not Stop the Transfer of Sensitive Technology to 
Foreign Nationals in the U.S., Final Inspection Report No. IPE- 161 76 — March 2004, Office of Inspections and 
Program Evaluations. 
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the nation’s history by founding or cofounding new technology -based companies. Examples 
include Andrew Carnegie (US Steel, bom in Scotland), Alexander Graham Bell (AT&T, bom in 
Scotland), Herbert Henry Dow (Dow Chemical, bom in Canada), Henry Timken (Timken 
Company, bora in Germany), Andrew Grove (Intel, bom in Hungary), Davod Lam (Lam 
Research, bom in China), Vinod Khosla (Sun Microsystems, bom in India), and Sergey Brin 
(Google, bom in Russia). 

Similarly, it has been noted that 

• Many students from abroad stay here after their education is complete and contribute 
greatly to our economy. 

• Foreign students who do return home often are our best ^bassadors. 

• The United States benefits economically from open trade, and our security is reinforced 
by rising living standards in developing countries. 

• The quality of life in the United States has been improved as a result of shm'ed scientific 
results. Some foreign-bom students do return home to work as competitors, but others 
join in international collaborations that help us move faster in the development and 
adaptation of new technology and thereby create new jobs. 

Yet, Section 214b of the Immigration and Nationality Act requires applicants for student or 
exchange visas to provide convincing evidence that they plan to return to their home countries — 
a challenging requirement. 


Sensitive but Unclassified Infoimation 


Since 9/1 1, the amount of information designated sensitive but unclassified (SBU) by the 
US government has presented a problem that is less publicized than visas or deemed exports but 
is a complicating factor in academic research. The SBU category, as currently applied, is 
inconsistent with the philosophy of building high fences around small places associated with the 
traditional protection of scientific and technical information. There are no laws, no common 
definitions, and no limits on who can declare information “SBU”, nor are there provisions for 
review and disclosure after a specific period. There is little doubt that the United States would 
profit from a serious discussion about what kinds of information should be classified, but such a 
discussion is not occurring. 


THE PUBLIC RECOGNIZES THE CHALLENGES 


Does the public truly see the challenge to our prosperity? In recent months, polls have 
indicated persistent concern not only about the war in Iraq and issues of terrorism but also, and 
nearly equally, about jobs and the economy. One CBS-New Y ork Times poll showed security 
leading economic issues by only another'*^ showed that our economy and job security are 


'‘^CBS News-New York Times poll, June 10-15, 2005; 1,11 1 adults nationwide; 19% found the war in Iraq die most 
important problem, 18% cited the economy mdjobs. Available at: 
htq?://www.cbsnews-com/htdocs/CBSNews_polls/bush61 6.pdf- 

PRE-PUBLICATION VERSION 1-11 February 2006 Edition 



124 


of slightly greater concern to respondents than are issues of national security and terrorism. On 
the eve of the 2004 presidential election, the Gallup organization asked respondents what issues 
concerned them most. Terrorism was first, ranked “extremely important” by 45% of respondents; 
next cmne the economy (39%), health care (33%), and education (32%).'^'^ Only 35% say that 
now is a good time to find a high-quality job; 61% say that it is not."^^ Polls, of course, only 
provide a snapshot of America’s thinking, but presumably one can conclude that Americans are 
generally worried about jobs — if not for themselves then for their children and grandchildren. 

Investors are worried, too. According to a Gallup poll, 83% percent of US investors say 
job outsourcing to foreign countries is currently hurting the investment climate “a lot” (61%) or 
“a little” (22%). The numbers who are worried about outsourcing are second only to the numbers 
who are worried about the price of energy, according to a July 2005 Gallup poll on investor 
concems."^^ 


DISCOVERY AND APPLICATION: 

KEYS TO COMPETITIVENESS AND PROSPERITY 

A common denominator of the concerns expressed by many citizens is the need for and 
use of knowledge. Well-paying jobs, accessible health care, and high-quality education require 
the discovery, application, and dissemination of information and techniques. Our economy 
depends on the knowledge that fuels the growth of business and plants the seeds of new 
industries, which in turn provides rewarding employment for commensurately educated workers. 
Chapter 2 explains that US prosperity since World War II has depended heavily on the 
excellence of its “knowledge institutions”: high-technology industries, federal R&D agencies, 
and research universities that are generally acknowledged to be the best in the world. 

The innovation model in place for a half-century has been so successful in the United 
States that other nations are now beginning to emulate it. The governments of Finland, Korea, 
Ireland, Canada, and Singapore have mapped and implemented strategies to increase the 
knowledge base of students and researchers, strengthen research institutions, and promote 
exports of high-technology products — activities in which the United States has in the p^t 
excelled."*^ China formally adopted a pro-R&D policy in the middle of the 1990s and has been 
moving rapidly to raise government spending on basic research, to reform old structures in a 
fashion that supports a market economy, and to build indigenous capacity in science and 
technology."^^ 

The United States is now part of a connected, competitive world in which many nations 
are empowering their indigenous “brainware” and building new and effective performance 


ABC News-Washington Post poll, June 2-5, 2005, 1,002 adults nationwide. Of those polled, 30% rated the 
economy and jobs of highest concern, 24 % rated Iraq of highest concern. 

Dennis Jacob, Gallup chief economist, in “More Americans see threat, not opportunity, in foreign trade: Most 
investors see outsourcing as harmful.” Available at: http://www.galliq).cora/poll/content/default.aspx?ci=14338 . 
"'^FrankNewport, Gallup poll editor-in-chief, “Bush approval, economy, election 2008, Iraq, John Roberts, civil 
rights” Aug. 9, 2005. Available athttp://www.gallup.com/poll/content/?ci=17758&pg=l. 

Gallup poll, June 24-26, 2005, ± 3% ma’gin of error, sanple size= 1,009. Available at 
ht^://www.gallup.com/poll/content/?ci=17605&pg=l on 14 Sept. 2005. 

OECD. Main Science & Technology Indicators, 2005. Available at: 
http://www.oecd. org/docuraent/26/0,2340,en_2649_34451_1901082_l_l_l_l,00.htoil 
China 's Science and Technology Policy for the Twenty-First Century— A View from the Top, Report from the US 
Embassy, Beijing, November 1996. 
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pMlnerships — and they aiQ doing so with remarkable focus, vigor, and determination. The 
United States must match that tempo if it hopes to maintain the degree of prosperity it h^ 
enjoyed in the past. 


ACTION NOW 

Indeed, if we are to provide prosperity and a secure environment for our children and 
grandchildren, we cannot be complacent. The gradual change in England’s standing in the world 
since the 1800s and the sudden change in Russia’s standing since the end of the Cold War are but 
two examples that illustrate how dramatically power can shift. Simply maintaining the status quo 
is insufficient when other nations push ahead with desire, energy, and commitment. 

Today, we see in the example of Ireland how quickly a determined nation can rise from 
relative hunger to burgeoning prosperity. In the 1980s, Ireland’s unemployment rate w^ 18%, 
and during that decade 1% of the population — mostly young people — left the country, largely to 
find jobs."^^ In response, a coalition of government, academic institutions, labor unions, farmers, 
and others forged an ambitious and sometimes painful plan of tax and spending cuts and 
aggressively courted foreign investors and skilled scientists and engineers. Today, Ireland is, on 
a per capita basis, one of Europe’s wealthiest countries. In 1990, Ireland’s per capita GDP of 
$12,891 (in current US dollars) ranked it 23rd of the 30 OCED member countries. By 2002, 
Ireland’s per capita GDP had grown to $32,646, making it 4th highest among OECD member 
countries.^^ Ireland’s unemployment rate (as a percentage of the total percentage of total labor 
force) was 13.4% in 1990. By 1993, it had risen to 15.6%. By 2004 unemployed declined to 
4.5%.^^ Since 1995, Ireland’s economic growth has averaged 7.9%. Over the same time period, 
economic growth averaged 2% in Europe and 3.3% in the United States. 

History is the story of people mobilizing intellectual and practical talents to meet 
demanding challenges. World War II saw us rise to the military challenge, quickly developing 
nuclear weapons and other military capabilities. After the launch of Sputnik^"^ in 1957, we 
accepted the challenge of the space race, landed twelve Americans on the moon, and fortified our 
science and technology capacity. 

Today’s challenge is economic — ^no Pearl Harbor, Sputnik, or 9/1 1 will stir quick action. 
It is time to shore up die basics, the building blocks without which our leadership will surely 
decline. For a century, many in the United States took for granted that most great inventions 
would be homegrown — such as electric power, the telephone, the automobile, and the airplane — 
and would be commercialized here as well. But we are less certain today who will create the next 
generation of innovations, or even what they will be. We know that we need a more secure 
Internet, more-efficient transportation, new cures for dise^e, and clean, affordable, and reliable 
sources of energy. But who will dream them up, who will get the jobs they create, and who will 
profit from them? If our children and grandchildren are to enjoy the prosperity that our forebears 


''^William C. Harris, director general. Science Foundation Ireland, personal communication, Aug. 15, 2005. 
Thomas Friedman. The End of the Rainbow. New York Times. June 29, 2005. 

OECD, OECD Factbook 2005. Available at: http://puck.sourceoecd.org/vl=2095292/cl=23/nw=l/rpsv/factbook/ 
OECD, OECD Factbook 2005. Available at: http://puck.sourceoecd.org/vl=2095292/cl=23/nw=l/rpsv/factbook 
” Robert Samuelson. The world is still round. Newsweek. July 25, 2005. 

^'’The fall 1957 launch of SpuUiikl, the first artificial satellite, caused many in the United States to believe that we 
were quickly falling behind the USSR in science education and rese^ch. That concern led to major policy reforms 
in education, civilian and military research, and federal support for researchers. Within a year, the National 
Aeronautics and Space Administration and DARPA were founded. In that era, science and technolo^ became a 
major focus of the public, and a presidential science adviser was appointed. 
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earned for us, our nation must quickly invigorate the knowledge institutions that have served it 
so well in the past and create new ones to serve in the future. 

CONCLUSION 

A few of the tiles in the mosaic are apparent; many other problems could be added to the 
list. The three clusters discussed in this chapter share a common characteristic: short-term 
responses to perceived problems can give the appearance of gain but often bring real, long-term 
losses. 

This report emphasizes the need for world-class science and engineering — ^not simply as 
an end in itself but as the principal means of creating new jobs for our citizenry as a whole as it 
seeks to prosper in the global marketplace of the 21st century. We must help those who lose their 
jobs; they need financial assistance and retraining. It might even be appropriate to protect some 
selected jobs for a very short time. But in the end, the country will be strengthened only by 
learning to compete in this new, flat world. 
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2 


WHY ARE SCIENCE AND TECHNOLOGY CRITICAL TO 
AMERICA’S PROSPERITY IN THE 21st CENTURY? 


Since the Industrial Revolution, the growth of economies throughout the world has been 
driven largely by the pursuit of scientific understanding, the application of engineering solutions, 
and continual technological innovation.* Today, much of everyday life in the United States and 
other industrialized nations, as evidenced in transportation, communication, agriculture, 
education, health, defense — and jobs, is the product of investments in research and in the 
education of scientists and engineers.^ One need only think about how different our daily lives 
would be without the technological innovations of the last century or so. 

The products of the scientific, engineering, and health communities are, in fact, easily 
visible — ^the work-saving conveniences in our homes; medical help summoned in emergencies; 
the vast infrastructure of electric power, communication, sanitation, transportation, ^d safe 
drinking water we take for granted.^ To many of us, that universe of products and services 
defines modem life, freeing most of us from the harsh manual labor, infectious diseases, and 
threats to life and property that our forebears routinely faced. Now, few families know the 
suffering caused by smallpox, tuberculosis, polio, diphtheria, cholera, typhoid, or whooping 
cough. All those diseases have been greatly suppressed or eliminated by vaccines (Figure 2-1). 

We enjoy and rely on world travel, inexpensive and nutritious food, easy digital access to 
the arts and entertainment, laptop computers, graphite tennis rackets, hip replacements, and 
quartz watches. Box 2-2 lists a few examples of how completely we depend on scientific 
research and its application — from the mighty to the mundane. 

Science and engineering have changed the very nature of work. At the beginning of the 
20th century, 38% of the labor force was needed for farm work, which was hard and often 
dangerous. By 2000, research in plant and animal genetics, nutrition, and husbandry together 
with innovation in machinery had transformed farm life. Over the last half-century, yields per 
acre have increased about 2.5 times,'* and overall output per person-hour has increased fully 10- 
fold for common crops, such as wheat and com (Figure 2-2). Those advances have reduced the 
farm labor force to less than 3% of the population. 


* Anodier point of view is provided in Box 2-1. 

^S. W. Popper and C. S. Wagner. New Foundations for Growth: The US. Innovation System Today and Tomorrow. 
Santa Monica, CA; RAND Corporation. The authors state: “The transformation of the U.S. economy over the past 
twenty years has made it clear that innovations based on scientific and technological advances have become a major 
contributor to our national well being,” p. ix. 

^ One study argues that “there has been more material progress in the United States in the 20th century than there 
was in the entire world in all the previous centuries combined,” aid most of the examples cited have their basis in 
scientific and engineering research. S. Moore and J. L. Simon. The greatest century that ever was: 25 miraculous 
trends of the last 100 years. Policy AnalysisTIo. 364. Washington, DC: Cato Institute, Dec. 15, 1999. 

‘‘National Research Council. Frontiers in AgriculturalResearch: Food, Health, Environment, and Communities. 
Washington, DC: National Academy Press, 2003. 
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Similarly, the maintenance of a house a century ago without today’s labor-saving devices 
left little time for outside enjoyment or work to produce additional income. 

The visible products of research, however, are made possible by a l^ge enterprise mostly 
hidden from public view — fundamental and applied research, an intensively trained workforce, 
and a national infrastructure that provides risk capital to support the nation’s science and 
engineering innovation enterprise. All that activity, and its sustaining public support, fuels the 
steady flow of knowledge and provides the mechanism for converting information into the 
products and services that create jobs mid improve the quality of modem life. Maintaining that 
vast and complex enterprise during an age of competition and globalization is challenging, but it 
is essential to the future of the United States. 


Box 2-1 

Another Point of View: Science, Technology and Society 

For all the practical devices and wonders that science and technology have brought to society, it 
has also created its share of problems. Researchers have had to reapply their skills to create 
solutions to unintended consequences of many innovations, including finding a replacement for 
chlorofluorocarbon-based refrigerants, eliminating lead emissions from gasoline-powered 
automobiles, reducing topsoil erosion caused by large-scale farming, researching safer 
insecticides to replace DDT, and engineering new waste-treatment schemes to reduce hazardous 
chemical effluents from coal power plants and chemical refineries. 
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incidence of Selected Disease» In the United Stntes 



Soutcu: UisMitvl Siatiilk'j of the Viited Siaiex. Serin B 149. B 291, B 295. B 299'100. B 303: Health. I'lUed Staten. IW9. Table 53: ind 
Americin SIDS Isilkuie, www.Mila.oiv‘neirch'webiale.''tldOOI.htn. 

Note: SIDS nle i* per 100.000 live birihi. AIDS deliiilioi naa nibrttntially mpaided in 1985, 1987. and 1993. TB rate prior lo 1930 ia 
ctlimaied a< 1.3 limes the ntortalily rate. 


FIGURE 2-1 The 20th century saw dramatic reductions in disease incidence in the United States. 

SOURCE: S. Moore, J. L. Simon and the CATO Institute. The greatest century that ever was: 25 miraculous trends 
of the past 100 years. Cato Policy Analysis, No. 364, Dec. 15, 1999, pp. 1-32. based on Historical Statistic of the 
United States, Series B 149, B 291,B299-300, B 303; Health, United States, 1999, Table 53; and American SID 
Institute, www.sids.org/research/webrates/sld001.htm 

Note: SIDS rate is per 100,000 live births. AIDS definition was substantially expanded in 1985, 1987, and 1993. TB 
rate prior to 193 0 is estimated as 1.3 times the mortality rate. 
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BOX 2-2 

Twenty Great Engineering Achievements of the 20th Century 

Electricity: steam turbine generators; long-distance, high-voltage transmission lines; pulverized 
coal; large-scale electric grids 

Automotive: machine tools, assembly line, self-starting ignition, balloon tire, safety-glass 
windshield, electronic fuel injection and ignition, airbags, antilock brakes, fuel cells 
Aeronautics: aerodynamic wing and fuselage design, metal alloys and composite materials, 
stressed-skin construction, jet propulsion, fly-by-wire control systems, collision warning 
systems, Doppler weather radar 

Water supply and distribution: chlorination, wastewater treatment, dams, reservoirs, storage 
tanks, tunnel-boring equipment, computerized contaminant detection, desalination, large-scale 
distillation, portable ultraviolet devices 

Electronics: triodes, semiconductors, transistors, molecular-beam epitaxy, integrated circuits, 
digital-to-optical recording (CD-ROM), microprocessors, ceramic chip carriers 
Radio and television: alternators, triodes, cathode-ray tubes, super heterodyne circuits, AM/FM, 
videocassette recorders, flat-screen technology, cable and high-definition television, 
telecommunication satellites 

Agriculture: tractore, power takeoff, rubber tires, diesel engines, combine, corn-head 
attachments, hay balers, spindle pickers, self-propelled irrigation systems, conservation tillage, 
global-positioning technology 

Computers: electromechanical relays; Boolean operations; stored programs; programming 
languages; magnetic tape; software, supercomputers, minicomputers, and personal computers; 
operating systems; the mouse; the Internet 

Telephony: automated switchboards, dial calling, touch-tone, loading coils, signal amplifiers, 
frequency multiplexing, coaxial cables, microwave signal transmission, switching technology, 
digital systems, optical-fiber signal transmission, cordless telephones, cellular telephones, voice- 
over-Intemet protocols 

Air conditioning and refrigeration: humidity-control technology, refrigerant technology, 
centrifugal compressors, automatic temperature control, frost-free cooling, roof-mounted cooling 
devices, flash-freezing 

Highways: concrete, tar, road location, grading, drainage, soil science, signage, traffic control, 
traffic lights, bridges, crash barriers 

Aerospace: rockets, guidance systems, space docking, lightweight materials for vehicles and 
spacesuits, solar power cells, rechargeable batteries, satellites, freeze-dried food, Velcro 
Internet: packet-switching, ARPANET, e-mail, networking services, transparent peering of 
networks, standard communication protocols, TCP/IP, World Wide Web, hypertext, web 
browsers 

Imaging: diagnostic x-rays, color photography, holography, digital photography, cameras, 
camcorders, compact disks, microprocessor etching, electron microscopy, positron-emission 
tomography, computed axial tomography, magnetic-resonance imaging, sonar, radar, 
sonography, reflecting telescopes, radiotelescopes, photodiodes, charge-coupled devices 
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Household appliances; ranges, electric ranges, oven thermostats, nickel-chrome resistors, 
toasters, hot plates, electric irons, electric motors, rotary fans, vacuum cleaners, washing 
machines, sewing machines, refrigerators, dishwashers, can openers, cavity magnetrons, 
microwave ovens 

Health technology: electrocardiography; heart— lung machines; pacemakers; kidney dialysis; 
artificial hearts; prosthetic limbs; synthetic heart valves, eye lenses, replacement joints; 
manufacturing techniques and systems design for large-scale drug delivery; operating 
microscopy; fiber-optic endoscopy; laparoscopy; radiologic catheters; robotic surgery 
Petroleum and petrochemical technology: diermal-cracking oil refining; leaded gasoline; 
catalytic cracking; oil byproduct compounds; synthetic rubber; coal tar distillation byproduct 
compounds, plastics, polyvinyl chloride, polyethylene, synthetic fibers; drilling technologies; 
drill bits; pipelines; seismic siting; catalytic converters; pollution-control devices 
Lasers and fiber optics: maser, laser, pulsed-beam laser, compact-disk players, barcode 
scanners, surgical lasers, fiber optic communication 

Nuclear technology: nuclear fission, nuclear reactors, elech'ic-power generation, radioisotopes, 
radiation therapy, food irradiation 

High-performance materials: steel alloys, aluminum alloys, titanium superalloys; synthetic 
polymers, Bakelite, Plexiglas; synthetic rubbers, neoprene, nylon; polyethylene, polyester, Saran 
Wrap, Dacron, Lycra spandex fiber, Kevlar; cement, concrete; synthetic diamonds; 
superconductors; fiberglass, graphite composites, Kevlar composites, aluminum composites 

SOURCE: G. Constable and B. Somerville.^ Century of Innovation: Twenty Engineering Achievements That Transformed Our 
Lives. Washington, DC: Joseph Henry Press, 2003, 
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U.S. Fann Labor Prodticti\it>' 



Source: Autbon' calculanoos from data m L WeUeld. fThtre IT# IA« (New York: Simon and Schuster. 198S). 


FIGURE 2-2 From 1800 to 2000, there was a hundredfold increase in US farm labor output, 
much of it brought about by advancements in science and technology. 

SOURCE: S. Moore, J. L. Simon and the CATO Institute. The greatest century that ever was: 25 miraculous trends 
of the past 100 years. Cato Policy AnalysiSyt^o. 364,Dec. 15, 1999,pp. 1-32. 
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ENSURING ECONOMIC WELL-BEING 

Knowledge acquired and applied by scientists and engineers provides the tools and 
systems that characterize modern culture and the raw materials for economic growth and well- 
being. The knowledge density of modern economies has steadily increased, and the ability of a 
society to produce, select, adapt, and commercialize knowledge is critical for sustained economic 
growth and improved quality of life. Robert Solow demonstrated that productivity depends on 
more than labor and capital.^ Intangible qualities — research and development (R&D), or the 
acquisition and application of knowledge — are crucial.^ The earlier national commitment to 
make a substantial public investment in R&D was based partly on that assertion (Figure 2-3). 

Since Solow’s pioneering work, the economic value of investing in science and 
technology has been thoroughly investigated. Published estimates of return on investment (ROI) 
for publicly funded R&D range from 20% to 67% (Table 2-1). Although most early studies 
focused on agriculture, recent work shows high rates of return for academic science research in 
the aggregate (28%),^ and slightly higher rates of return for pharmaceutical products in particular 
(30%).^*^ Modem agriculture continues to respond, and the average return on investment for 
public funding of agricultural research for member countries of the Organisation for Economic 
Co-operation and Development is estimated at 45%.^^ 

Starting in the middle 1990s, investments in computers and information technology 
started to show payoffs in US productivity. The economy grew faster and employment rose more 
than had seemed possible without fueling inflation. Policy-makers previously focused almost 
entirely on changes in demand as the determinant of inflation, but the surge in productivity 
showed that changes on the supply side of the economy could be just as important and in some 
cases even more import^t.^^ Such data serve to sustain the US commitment to invest substantial 
public funds in science and engineering.*^ 


^L. B. Holm -Nielsen. Promoting science and technology for development: The World Bank’s Millennium Science 
Initiative. Paper delivered on April 30, 2002, to the First International Senior Fellows meeting. The Wellcome Trust, 
London, UK. 

^ The Organisation for Economic Co-operation and Development (OECD) concludes that “underlying long-term 
growth rates in OECD economies depend on maintaining and expanding die knowledge base. Technology, 
Productivity, and Job Creation: Best Policy Practices. Paris. France: OECD, 1998, p. 4. 

^R. M. Solow.” Technical change and the aggregate production function.” The Review of Economics and Statistics 
39(1 957):3 12-320 andR,M Solow. "Investment and Technical Progress", 1960, in Arrow, Karlin & Suppes, editors, 
Mathematical Models in Social Sciences. For more on Solow’s work, see 
http://nobelprize.org/economics/laureates/1987/index-html- 

^R. M. Solow. “Technical change and the aggregate production function.” The Review of Economics and Statistics 
39(1957):312-320. 

^E. Mansfield. Academic research and industrial 'mRovzixon. Research Policy 20(1 991): 1-1 2. 

^°A. Scott, S. Grove, A. Geuna, S. Brusoni, andE. Steinm culler. The economic returns of basic research and the 
benefits of university -industty relationships. Report for the office of Science and Techology . Science and 
Technology Policy Research: Brighton, 2001. Available at 
htty://www-sussex. ac.uk/spru/documents/review_for_ost_final.pdf 

^^R. E. Evensoa Economic impacte of agricultural research and extension. In Han(£)ook of Agricultural Economics 
Vol 1, eds. B. L. Gardner and G. C. Rausser, pp. 573-628 Rotterdam: North Holland, 2001 

^^E. L. Andrews. The doctrine was not to have one; Greenspan will leave no roadmap to his successor. New York 
Times, Aug. 26, 2005. p. Cl. 

Committee on Science, US House of Representatives. Unlocking Our Future: Toward aNew National Science 
Policy (die “Ehlers Report”). Washir^ton, DC: US Congress, 1998. The report notes diat “die growth of economies 
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Grojs Domcitk Pnxiact 



Souiv«i: ilutomal Sbutaifs of ^ic I'mtea Stales. Scrie* K 1: «iJ U^, IVpattnctit of (biwsrrec. Durcau of l!cc<ac«iic Aiul)*iii. 
wii'w.bcB.(Lic.iuv'lMii'Jnr^ilpUv.h Un. 

FIGURE 2-3 In the 20th century, US per capita gross domestic product (GDP) rose almost 
sevenfold. 

SOURCE: S. Moore, J. L. Simon and the CATO Institute. The greatest century that ever was: 25 miraculous trends 
of the past 100 years. Cato Policy Analysis, No. 364, Dec. 15, 1999, pp. 1-32. 


Of equal interest are studies of the rate of return onprivate investments in R&D.^*^ The 
return on investment to the nation is generally higher than is the return to individual investors 
(Table 2-2).^^ One reason that knowledge tends to spill over to other people and other businesses, 
so research results diffuse to the advantage of those who are prepared to apply them. Those 
“social rates of return”^® on investments in R&D are reported to range from 20% to 100%, with 


throughout the world since the industrial revolution began has been driven by continual technological innovation 
through the pursuit of scientific understanding and application of engineering solutions” (p. 1). 

Council of Economic Advisors. Supporting Research and Development to Promote Economic Growth: The 
Federal Government’s Role. Washington, DC: White House, October 1995. 

Center for Strategic and International Studies. Global Innovation /National Competitiveness. Washington, DC: 
CSIS, 1996. 

“Social rate of return” is defined in C. I. Jones and J. C. Williams. Measuring the social return to R&D. Working 
Paper 97002. Stanford University Department of Economics. 1997. Available at 

http://www.econ.stanford.edu/faculty/workp/swp97002.pdf^search=‘R&D%20social%20rate%20of“/Q20retum. 

They state, “One can think of knowledge as an ‘asset’ purchased by society, held for a short period of time to re^ a 
dividend, and then sold. The return can then be thought of as a sum of a dividend and a capital gain (or loss) ... The 
dividend associated with an additional idea consiste of two components. First, the additional knowledge directly 
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an average of nearly 50%.^^ As a single example, in recent years, graduates from one US 
university have founded 4,000 companies, created 1.1 million jobs worldwide, and generated 
annual sales of $232 billion.'^ 


TABLE 2-1 Annual Rate of Return on Public R&D Investment 


Studies 

Subject 

Rate of return 
to public R&D 

Gnliches (1958) 

Hybrid com 

2040"o 

Peterson (1967) 

Poultr.' 

21-25% 

Schmilz-Seckler (1979) 

Tomato harvester 

37-46?o 

Gnliches (1968) 

Agncultural research 

3540^b 

Evenson (1968) 

Agricultural research 

28-47“.i. 

Dans (1979) 

Agncultural research 

37% 

Evenson (1979) 

Agricultural research 


Dans and Peterson (1981) 

Agncultural research 

37"/o 

Mansfield (1991) 

All academic science 
research 

28“/<. 

Huffman and Evenson (1993) 

Agncultural research 

43-67“b 

Cockbum and Henderson (2000) 

Pharmaceuticals 

30% + 


Scott AH et al (2001) compiled following Salter and Martin (2001). [Sources: Grill ches (1995), OTA (1986). and further additions by Scott et al. 
Salter and Martin point out that many of these autfiors caution about the reliability of tiie numerical results obtained.] 

SOURCE: A. Scott, G. Steyn, A. Geuna, S. Brusoni, and W.E. Steinmueller. The economic returns of basic research 
and the benefits of university-industry relationships. Report for the UK Government Office of Science and 
Techology. SPRU (Science and Technology Policy Research), University of Sussex; Brighton, 2001. Available at 
http://www.sussex.ac.uk/spru/documents/review for ost finaJ.pdf 


raises the productivity of capital and labor in the economy. Second, the additional knowledge changes the 
productivity of future R&D investment because of either knowledge spillovers or because subsequent ideas are more 
difficult to discover" (pp. 6-8).+ 

M. I. Nadiri. Innovations and technological spillovers. Economic Research Reports, RR 93-31. New York: C. V. 
Stair Center for Applied Economics. New York University Department of Economics, August 1993. Nadiri adds, 
“The channels of diffusion of the spillovers vary considerably and their effects on productivity growth are sizeable. 
These results suggest a substantial underinvestment in R&D activity." 

W. M. Ayers. MIT: The In^ct of Innovation. Boston, MA: Bank Boston, 2002. Available at 
http;//web.mit.edu/newsoffice/founders/Eoun ders2.pdf 
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TABLE 2-2 Annual Rate of Return on Private R&D Investment 


Researcher 


Estimated Rate of Return % 


Private 

Social 

Nadiri (1993) 

20-30 

50 

Mansfield (1977) 

25 

56 

Terleckyj (1974) 

29 

48-78 

Sveikauskas (1981) 

7-25 

50 

Goto-Suzuki (1989) 

26 

80 

Bemstein-Nadiri (1988) 

10-27 

11-111 

Scherer (1982, 1984) 

29-43 

64-147 

Bemstein-Nadiri (1991) 

15-28 

20-110 


SOURCE: Center for Strategic and International Studies. Global Imovation/National Competitiveness. Washington, 
DC: CSIS, 1996. 

Although retum-on-investment data vary from study to study, most economists agree that 
federal investment in research pays substantial economic dividends. For example, Table 2-3 
shows the large number of jobs and revenues created by information technology manufacturing 
and services — an industry that did not exist until the recent past. The value of public and private 
investment in research is so important that has been described as “fuel for industry”.^^ The 
economic contribution of science and technology can be understood by examining revenue and 
employment figures from technology- and service-based industries, but the largest economic 
influence is in the productivity gains that follow the adoption of new products and 
technologies. 


Council of Economic Advisers, 1995 Economic report of the President. United States Government Printing Office, 
Washington, DC. 

^D. X Wilson. Is embodied technolc^ical change the result of iq^stream R&D? Industry-level evidence. Review of 
Economic Dynamics 5(2)(2002) :342-362. 
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TABLE 2-3 Sales and Employment in the Information Technology (IT) Industry, 2000 



NAICS" 

Code 

Sales 
Revenues 
($ billions) 

Number 
of Jobs 
( 1 .000) 

IT Manufiicturiiig 

Computer and peripheral equipment 

3341 

$110.0 

190 

Communications equipment 

3342 

119.3 

291 

Software 

3112 

88.6 

331 

Semiconductors and 

other electronic components 

3344 

168.5 

621 

IT Services 

Data processing services 

5142 

42.9 

296 

Telecommunications services 

5133 

354.2 

1,165 


SOURCE: National Research Council. Impact of Basic Research on Industrial Performance. Washington, DC: 
National Academy Press, 2003. 


CREATING NEW INDUSTRIES 


The power of research is demonstrated not only by single innovations but by the abdi^ to 
create entire new industries — some of them the nation’s most powerful economic drivers. 

Basic research on the molecular mechanisms of DNA has produced a new field, 
molecular biology, and recombinant-DNA technology, or gene splicing, which in turn has led to 
new health therapies and the enormous growth of the biotechnology industry. The potential of 
those developments for health and health care is only beginning to be realized. 

Studies of the interaction of light with atoms led to the prediction of stimulated emission 
of coherent radiation. That, together with the quest for a device to produce high frequency 
microwaves, led to the development of the laser, a ubiquitous device with uses ranging fiom 
surgery, precise machining, and nuclear fusion to sewer alignment, laser pointers, and CD and 
DVD players. 

Enormous economic gains can be traced to research in harnessing electricity, which grew 
out of basic research (such as that conducted by Michael Faraday and James Maxwell) and 
applied research (such as that by Thomas Edison and George Westinghouse). Furthermore, 
today’s semiconductor integrated circuits can be traced to the development of transistors and 
integrated circuits, which began with basic research into the structure of the atom and the 
development of quantum mechanics by Paul Dirac, Wolfgang Pauli, Werner Heisenberg, and 
Erwin Schrodinger^^ and was realized through the applied research of Robert Noyce and Jack 
Kilby. 

In virtually all those examples, the original researchers did not — or could not — foresee 
the consequences of the work they were performing, let alone its economic implications. The 
fundamental research t 5 q)ically was driven by the desire to answer a specific question about 
nature or about an application of technology. The greatest influence of such work often is 


J. I. Friedman. Will innovation flourish in the future? Industrial Physicist, 8(6)(Dec. 2002/Jan. 2003): 22-25. 
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removed from its genesis, but the genius of the US research enterprise has been its ability to 
afford its best minds the opportunity to pursue fundamental questions (Figures 2-4, 2-5, 2-6). 


Patents Granted by the United States 



19130 1005 1010 1015 1920 1025 1050 [0J5 1040 1045 lOSO 1055 )06D 1065 1070 1975 lOSO I0B5 19^1 10«5 190K 


Scmrecs: U.S. Patcnl and Tndcinark OlHcc. U.S. 1 790- 199!‘< |Wa!(hin|itun; CiCT'cmnKnl I’nnlmg OlVicc. 1999): and 

lojisiana State Unn'cnsity. loif/artsK} Historica! luvnilioNs am InvfKlon. w'iii'tt'.liKUu.cdui'sci/chcni.‘pqlcnt.'snn6.hlniI. 


FIGURE 2-4 Examples of critical technologies patented by US rese^chers. 

SOURCE: S. Moore, I L. Simon aid die CATO Institute. The greatest century that ever was; 25 miraculous trends 
of the past 100 years. Cato Policy Analysis, No. 364, Dec. 15, 1999, pp. 1-32. 


^ See, for example. National Research Council Evolving the High Performance Computing and Communications 
Initiative to Support the Nation 's Information Infrastructure. Washington, DC: National Academy Press, 1995. 
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IV1ecab>'tc Prices and Microprocessor Speeds 



FIGURE 2-5 Moore’s law maintained: megab 5 d;e prices decrease as microprocessor speeds 
increase. 

Source: S. Moore, J. L. Simon and the CATO Institute. The greatest centuiy that ever was: 25 miraculous trends of 
the past 100 years. Cato Policy Analysis^l^o. 364, Dec. 15, 1999, pp. 1-32. 
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Ft^ur* t Percentage of Children Ages 3 to 17 Who Have Access to a Home 

Computer artd Who Use the Internet at Home, 

Selected Years. 1984-2001 



1984 1989 1997 2000 2001 



FIGURE 2-6 Many US children have access to and use computers and the Internet. 

SOURCE: Child Trends Data Bank. Available at http://www.childtrendsdatabank.org/flgures/78-Figure-2.gif. 

PROMOTING PUBLIC HEALTH 

One straightforward way to view the practical application of research is to 
compare US life expectancy (Figure 2-7) in 1900 (47.3 years)^^ with that in 1999 (77.0 years). 
Our cancer and heart-disease survival rates have improved (Figure 2-8), and accidental-death 
rates and infant and maternal mortality (Figure 2-9) have fallen dramatically since the early 20th 
century. 

Improvements in the nation’s health are, of course, attributable to many factors, some as 
straightforward as the engineering of safe drinking-water supplies. Also responsible are the 
large-scale production, dehvery, and storage of nutritious foods and advances in diagnosis, 
pharmaceuticals, medical devices, and treatment methods. 

Medical research also has brought economic benefit. The development of lithium as a 
mental-health treatment, for example, saves $9 billion in health costs each year. Hip - fracture 
prevention in postmenopausal women at risk for osteoporosis saves $333 million annually. 
Treatment for testicular cancer has resulted in a 9 1 % remission rate and annual savings of $ 1 66 
million.^^ 

^ US Bureau of the Census. Historical Statistics of the United States, Colonial Times to 1970. Part 1, Series B 107- 
15,p. 55. 

^US Census Bureau. Statistical Abstract of the United States: 2000. Table 116, p. 84. 

F. Hobbs andN. Stoops. Demographic Trends in the 20th Century. US Census Bureau, CENSR-4. Washington, 
DC: US Bureau of the Census, November 2004. 

^National Academy of Engineering. A Century of Innovation Washington, DC: National Academy Press. (2003) 
W.D. Nordhaus. 1999. The Health of Nations: The Contribution of Improved Health and Living Standards. Albert 
and Mary Lasker Foundation. Available at http://www.laskerfoundation.oig/reports/pdf/economic.pdf.; Exceptional 
Returns: The Economic Value of America’s Investment in Medical Research. 2000. 
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Life Expectancy' at Birth, This MilJenniim 



FIGURE 2-7a Life expectancy has increased, particularly in the last century. 

SOURCE: S. Moore, J. L. Simon and the CATO Institute. The greatest century that ever was: 25 miraculous trends 
of the past 100 years. Cato Policy Analysis,'i;^o. 364, Dec. 15, 1999, pp. 1-32. 
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1M1 1010 1020 1030 1040 1960 1960 1070 1060 1900 2002 

FIGURE 2-7b Life expectancy has increased in the United States, particularly in the last 
century. 

SOURCE: Center for Disease Control and Prevention, Njtfional Centerfor Health Statistics, National Vital Statistic 
System. 
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FIGURE 2-8a Relative cancer survival rates. 

SOURCE: Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) SEER’^Stat 
Database: Incidence - SEER 9 Regs Public-Use, Nov 2004 Sub (1973-2002), National Cancer Institute, DCCPS, 
Surveillance Research Program, Cancer Statistics Branch, released April 2005, based on the November 2004 
submission. 


700 



1950 1960 1970 1980 1990 2000 2001 2002 


FIGURE 2-8b Heart disease mortality. 

SOURCE: National Center for Health Statistics, United States, 2005, Table 29 
http://www.cdc.gov/nchs/data/hus/hus05.pdf 
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FIGURE 2- 9a Infant mortality. 


SOURCE: Deaths: FinalData for 2002. Table 11. NVSR Volume 53, Number 5. 116 
http://www.cdc.gov/nchs/products/pubs/pubdynvsr/53/53-21.htm 



FIGURE 2-9b Maternal mortality. 

SOURCE: Deaths: Final Data for 2002. Table 1 1 . NVSR Volume 53. Number 5.116 
http://www.cdc.gov/nchs/products/pubs/pubdynvsr/53/53-21.htm 
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CARING FOR THE ENVIRONMENT 

Advances in our understanding of the environment have led to better systems to promote 
human health and the health of our planet. Weather satellites, global positioning systems, and 
airborne-particle measurement technologies also have helped us to monitor and mitigate 
unexpected environmental problems. Unfortunately, some of these problems have been the 
consequence of unexpected side-effects of technological advances. Fortunately, in many cases 
additional technological understanding was able to overcome unintended consequences without 
forfeiting the underlying benefits. 


Water Quality 

Early in the 20th century, when indoor plumbing was rare, wastewater often was dumped 
directly into streets and rivers. Waterborne diseases — cholera, typhoid fever, dysentery, and 
diarrhea — were rampant and among the leading causes of death in the United States. Research 
and engineering for modem sewage treatment and consequent improvements in water quality 
have dramatically affected public and environmental health. Water-pollution controls have 
mitigated declines in wildlife populations, and research into wetlands and riparian habitats has 
informed the process of engineering water supplies for our population. 

Automobiles and Gasoline 

In the 1920s, engineers discovered that adding lead to gasoline caused it to bum more 
smoothly and improved the efficiency of engines. However, they did not predict the explosive 
growth of the automobile industry. The widespread use of leaded gasoline resulted in harmful 
concentrations of lead in the air,^^ and by the 1970s the danger was apparent. New formulations 
developed by petrochemical researchers not requiring the use of lead have resulted in vastly 
reduced emissions and improved air quality (Figure 2-10). Parallel advances in petroleum 
refining and the adoption and improvement of catalytic converters increased engine efficiency 
and removed harmful byproducts from the combustion process. Those achievements have 
reduced overall automobile emissions by 31%, and carbon monoxide emissions per automobile 
are 85% lower than in the 1970s. 


Refrigeration 

In the early 1920s, scientists began working on nontoxic, nonflammable replacements for 
ammonia and other toxic refrigerants then in use. In 1928, Frigidaire synthesized the world’s first 
chlorofluorocarbon (CFC), trademarked as Freon. By the 1970s, however, it had become clear 
that CFCs contribute to losses in the atmosphere’s protective layer of ozone. In 1974, scientists 
identified a chain reaction that begins with CFCs and sunlight and ends with the production of 


As noted in Unlocking Our Future, “Pursuing freedom requires confidence about our ability to manage the 
challenges raised by our increasing technological capabilities.” 

United States Congress, House of Representatives Committee on Science. Unlocking our future: toward a new 
national science policy. September 24, 1998. p. 38. Available at 
Http://www. house.gov/science/science_policy _report.htm. 

National Energy Policy Development Group. Natimal Energy Policy. US Government Printing Office. 
Wadiington DC. Nfey 200 1 . 
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chlorine atoms. A single chlorine atom can destroy as many as 100,000 ozone molecules. The 
consequences could be long-lasting and severe, including increased cancer rates and global 
warming.^*^ 

In 1987, the Montreal Protocol began a global phase-out of CFC production. That in turn 
provided the m^ket force that fueled the development of new, non-CFC refrigerants. Although 
the results of CFC use provide an example of the unintended negative consequences of 
technology, the response demonstrates the influence of science in diagnosing problems and 
providing effective solutions. 


Agricultural Mechanization 

Advances in agriculture have vastly increased farm productivity and food production. 

The food supply for the world’s population of more than 6 billion people comes from a land area 
that is 80% of what was used to feed 2.5 billion people in 1950. However, injudicious 
application of mechanization also led to increased soil erosion. Since 1950, 20% of the world’s 
topsoil has been lost — much of it in developing countries. Urban sprawl, desertification, and 
over-fertilization have reduced the amount of arable land by 20%.^* Such improvements as 
conservation tillage, which includes the use of sweep plows to undercut wheat stalks but leave 
roote in place, have greatly reduced soil erosion caused by traditional plowing and have 
promoted the conservation of soil moisture and nutrients. Advances in agricultural biotechnology 
have further reduced soil erosion and water contamination because they have reduced the need 
for tilling and for use of pesticides. 


^‘^National Academy of Sciences. Ozone Depletion, Beyond Discovery Series. April 1 996. 

Raven. Biodiversity and Our Common Future. 2005. Bulletin of the American Academy of Arts & Sciences 
58:20-24. 
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Comparison of Growth Areas and Emissions 




FIGURE 2-10 US air quality has improved despite increases in gross domestic product, vehicle 
miles traveled, and energy consumption since the 1970s. 

SOURCE: US Environmental Protection Agtncy . Air Emissions Trends - Continued Progress Through 2004. 
Available at http://www.epa.gov/airtrends/2005/econ-emissions.html. 


IMPROVING THE STANDARD OF LIVING 

Improvements attributable to declining mortality and better environmental monitoring are 
compounded by gains made possible by other advances in technology. The result has been a 
general enhancement in the quality of life in the United States as viewed by most observers. 

Electrification and Household Appliances 


Advances in technology in the 20th century resulted in changes at home and in the 
workplace. In 1900, less than 10% of the nation was electrified^ now virtually every home in the 
United States is wired (Figure 2-1 1).^^ Most of us give little thought to the vast array of 
electrical apphances that surround us. 


US Department of Labor. Report on the American Workprce, 200 J. Department of Labor. Washington, DC. 
Available at http://www.bls.gov/opub/rtaw/pdf/rtaw2001.pdf 
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lmpn»'ement in U£. Hoiiinc 



ElrctrilicatioD of U^. Ilontei 
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FIGURE 2-1 1 The number of US homes with electricity, plumbing, refrigeration, and basic 
appliances soared in the middle of the 20th century. 

SOURCE: S. Moore, J. L. Simon and the CATO Institute. The greatest century that ever was: 25 miraculous trends 
of the past 100 years. Cato Policy Analysis, No. 364, Dec. 15, 1999, pp. 1-32. 
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Transportation 

As workers left farms to move to cities, transportation systems developed to get them to 
work and home again. Advances in highway construction in turn fueled the automotive industry. 
In 1 900, one-fourth of US households had a horse, and many in urban areas relied on trolleys and 
trams to get to work and market. Today, more than 90% of US households own at least one car 
(Figure 2- 1 2). Improvements in refrigeration put a refrigerator in virtually every home, and the 
ability to ship food across the country made it possible to keep those refrigerators stocked. The 
increasing speed, safety, and reliability of aircraft spawned yet another global industry that spans 
commercial airline service and overnight package delivery. 


Communication 

At the beginning of the 20th century slightly more than 1 million telephones were in use 
in the United States. The dramatic increase in telephone calls per capita over the following 
decades was made possible by advances in cable bundling, fiber optics, touch-tone dialing, and 
cordless communication (Figure 2-13). Cellular-telephone technology and voice-over-Intemet 
protocols have added even more communication options. At the beginning of the 21st century, 
there were more than 300 million telephone communication devices and cellular telephone lines 
in the United States. 

Radio and television revolutionized the mass media, but the Internet has provided 
altogether new ways of communicating. Interoperability between systems makes it possible to 
use one device to communicate by telephone, over the Internet, in pictures, in voice, and in text. 
The “persistent presence” that those devices make possible and the eventual widespread 
availability of wireless and broadband services will spawn anotlier revolution in communication. 
At the same time, new R&D will be needed to reduce the energy demands of the new devices 
and their sensor-net support infrastructures. 

Disaster Mitigation 


Structural design, electrification, transportation, and communication come together in 
coordinating responses to natural disasters. Earthquake engineering and related technologies now 
make possible quake-resistant skyscrapers in high-risk zones. The 1989 Loma Prieta earthquake 
in central California caused 60 deaths and more than $6 billion in property damage, but 
occupants of the 49-story Transamerica Pyramid building in San Francisco were unharmed, as 
was the building itself, even though its top swayed from side to side by more than 1 ft for more 
than a minute. In December 1988, an earthquake in Georgia in the former USSR of the same 
magnitude as Loma Prieta led to the deaths of 22,000 people — illustrating the impact of the 
better engineered building protection available in California. 


Geological Survey. Building Safer Structures. Fact Sheet 167-95. Reston, VA: USGS, June 1998. Available at 
ht^://quake.wr.u^s.gov/prepare/factsheets/SaferStructures/Saf erStructures.pdf. 
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A US Geological Survey radio system increases safety for cleanup crews during 
aftershocks. After Loma Prieta, workers in Oakland were given almost a half hour notice of 
aftershocks 50 miles away, thanks to the speed differential between radio and seismic waves. 

Weather prediction, enabled by satellites and advances in imaging technology, has helped 
mitigate losses from hurricanes. E^ly- warning systems for tornadoes and tsunamis offer another 
avenue for reducing the effects of natural disasters — but only when coupled with effective on- 
the-ground dissemination. As is the case for many technologies, this last step of getting a product 
implemented, especially in underserved areas or developing countries, can be the most difficult. 
Furthermore, as hurricane Katrina in New Orleans demonstrated, early warning is not enough — 
sound structural design and a coordinated human response are also essential. 


Geological Survey. Speeding Earthquake Disaster Relief. Fact Sheet 097-95. Reston, VA: USGS, June 1998. 
Available alhttp;//quake. wr.usgs.gov/prepare/factsheets/Mitigation/Mitigation.pdf. 
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Modern Communication 



Ba 


Cutting the Cord 



1990 1992 1994 1996 1998 


FIGURE 2-13 More telephones than ever are used to make more calls per capita, thanks to 
enormous technological advances in a host of disciplines. 

SOURCE: S. Moore, J. L. Simon and the CATO Institute. The greatest century that ever was: 25 miraculous trends 
of the past lOOyears. Cato Policy Analysis, No. 364, Dec. 15, 1999, pp. 1-32. 
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Energy Conservation 


The last century saw demonstrations of the influence of technology in eveiy facet of our 
lives. It also revealed the urgent need to use resources wisely. Resource reduction and recycling 
are expanding across the United States. Many communities, spurred by advances in recycling 
technologies, have instituted trash-reduction programs. Industries are producing increasingly 
energy-efficient products, from refrigerators to automobiles. Today’s cars use about 60% of the 
gasoline per mile driven that was used in 1972. With the advent of hybrid automobiles, further 
gains are now being realized. Similarly, refrigerators today require one-third of the electricity 
that they needed 30 years ago. In the 1990s, manufacturing output in the United States expanded 
by 41%, but industrial consumption of electricity grew by only 11%. The introduction and use of 
energy-efficient products have enabled the US economy to grow by 126% since 1973 while 
energy use has increased by only 30% (Figure 2-14).^^ Those improvements in efficiency are the 
result of work in a broad spectrum of science and engineering fields. 

The U.S. Economy is More Energy Efficient 

(Energy Intensity) 

Primary Energy Use 

Ouadiilllon Btm 



Improvements in energy efficiency since the 1 970s have had a 
major impaa in meeting n^kmal energy needs relative to new 
supply. If the intensity of U.S. energy use had remained con- 
stant since 1972, consumption would have been about 70 qua- 

FIGURE 2- 1 4 The efficiency of energy use has improved substantially over the last 3 decades . 

SOURCE: National Energy Policy Development Group. National Energy Policy. Washington, DC: U.S. 

Government Printing Office, May 2001. 


^National Energy Policy Development Group. National Eiiergy Policy. Washington, DC: DOE, May 2001. 
PRE-PUBLICATION VERSION 2-27 February 2006 Edition 




154 


UNDERSTANDING HOW PEOPLE LEARN 

Today, an extraordinary scientific effort is being devoted to the mind and the brain, the 
processes of thinking and learning, the neural processes that occur during thought and learning, 
and the development of competence. The revolution in the study of the mind that has occurred in 
recent decades has important implications for education.^® A new theory of learning now coming 
into focus will lead to very different approaches to the design of curriculum, teaching, and 
assessment from those generally found in schools today. 

Research in the social sciences has increased understanding of the nature of competent 
performance mid the principles of knowledge organization that underlie people’s abilities to 
solve problems in a wide variety of fields, including mathematics, science, literature, social 
studies, and history. It has also uncovered important principles for structuring learning 
experiences that enable people to use what they have learned in new settings. Collaborative 
studies of the design mid evaluation of learning environments being conducted by cognitive and 
developmental psychologists and educators are yielding new knowledge about the nature of 
learning and teaching in a variety of settings. 


SECURING THE HOMELAND 

Scientific and engineering research demonstrated its essential role in the nation’s defense 
during World War II. Research led to the rapid development and deployment of the atomic 
bomb, radar and sonar detectors, nylon that revolutionized parachute use, and penicillin that 
saved battlefield lives. Throughout the Cold War the United States relied on a technological 
edge to offset the larger forces of its adversaries and thus generously supported basic research. 
The US military continues to depend on new and emerging technologies to respond to the diffuse 
and uncertain threats that characterize the 21st century and to provide the men and women in 
uniform with the best possible equipment and support.^’ 

Just as Vannevar Bush described a tight linkage between research and security, the 
Hart-Rudman commission a half-century later argued that security can be achieved only by 
funding more basic research in a variety of fields. In the wake of the 9/11 attacks and the 
anthrax mailings, it is clear that innovation capacity and homeland security are also tightly 
coupled. There can be no security without the economic vitality created by innovation, just as 
there can be no economic vitality without a secure environment in which to live and work.'^'^ 
Investment in R&D for homeland security has grown rapidly; however, most of it has been in the 
form of development of new technologies to meet immediate needs. 

Human capacity is as important as research funding. As part of its comprehensive 
overview of how science and technology could contribute to countering terrorism, for example, 
the National Research Council recommended a human-resources development program similar 


^^Nalional Research Council. How People Leant. Washington, DC; National Academy Press, 2000. 

Joint Chiefs of Staff. Joint Vision 2020. Washington, DC; Department of Defense, 2000; Department of Defense. 
Quadrennial Defense Review Report. Washington, DC; Departaient of Defense, 2001' 

Vannevar Bush report. Science: The Endless Frontier. Washington, DC: US Government Printing Office, 1945. 
^^U.S. Commission onNational Security. Road Map for National Security: Imperative for Change. Washington, 
DC: The Commission. 2001. 

Council on Competitiveness, Innovation America. Washington DC: Council on Competitiveness. 2005 p. 19. 
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to the post-Sputnik National Defense Education Act (NDEA) of 1958. A Department of 
Defense proposal to create and fund a new NDEA is currently being examined in Congress."^^ 


CONCLUSION 

The science and technology research community and die industries that rely on that 
research are critical to the quality of life in the United States. Only by continuing investment in 
advancing technology — through the education of our children, the development of the science 
and engineering workforce, and the provision of an environment conducive to the transformation 
of research results into practical applications — can the full innovative capacity of the United 
States be harnessed and the full promise of a high quality of life realized. 


"^^National Research Council Making the Nation Safe: The Role of Science andTechnology in Countering 
Terrorism. Washington, DC: National Academy Press, 2001 . 

"^^See H.R. 1815, National Defense Authorization Act for Fiscal Year 2006, Sec, 1105. Science, Mathematics, and 
Research for Transformation (SMART) Defense Education Program — National Defense Education Act (NDEA), 
Phase I. Introduced to the House on Apr. 26, 2005; on Jun. 6, 2005 referred to Senate committee; status as of Jul 
26, 2005: received in the Senate and read twice and referred to the Committee on Armed Services. 
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HOW IS AMERICA DOING NOW IN SCIENCE AND TECHNOLOGY? 


By most available criteria, the United States is still the undisputed leader in the performance of basic 
and applied research (see Box 3-1). In addition, many international comparisons put the United States as a 
leader in applying research and innovation to improve economic performance. In the latest IMD World 
Competitiveness Yearbook, the United States ranks first in economic competitiveness, followed by Hong 
Kong and Singapore.^ The survey compares economic performance, government efficiency, business 
efficiency, and infrastructure. Larger economies are further behind, with Zhejiang (China’s wealthiest 
province), Japan, the United Kingdom, ^d Germany ranked 20 though 23, respectively.^ An extensive 
review by the Organization for Economic Co-operation and Development (OECD) concludes that since 
World War II, US leadership in science and engineering has driven its dominant strategic position, 
economic advantages, and quality of life.^ 

Researchers in the United States lead the world in the volume of articles published and in the 
frequency with which those papers are cited by others.^ US-based authors were listed on one-third of all 
scientific articles worldwide in 2001.^ Those publication data are significant because they reflect original 
research productivity and because the professional reputations, job prospects, and career advancement of 
researchers depend on their ability to publish significant findings in the open peer-reviewed literature. 

The United States also excels in higher education and training. A recent comparison concluded that 
38 of the world’s 50 leading research institutions — ^those that draw the greatest interest of science and 
technology students — are in the United States.^ Since World War II, the United States has been the 
destination of choice for science and engineering graduate students and for postdoctoral scholars choosing 


IMD International. World Competitiveness Yearbook. 2005: Lausanne, Switzerland, 2005. The United States leads the world 
(with a score of 100), followed in order by Hong Kong (93), Singapore, Iceland, Canada, Finland, Denmark, Switzerland, 
Australia, and Luxembourg (80). 

^ Mainland China ranks 3 1 st. 

^ Organisation for Economic Co-operation and Development. Science, Technology and Industry Scoreboard, 2003, R&D 
Database. Available at http://wwwl.oecd.org/publications/e-book/92-2003-04-l-7294/. The scoreboard uses four indicators in its 
ranking: the creation and diffusion of knowledge; the information economy; the global integration of economic activity; and 
productivity and economic stmcture. In the United States, investment in knowledge — tiie sum of investaient in R&D, software, 
and higher education — amounted to almost 7% of GDP in 2000, well above the share for the European Union or Japan. 

""D. a. Kir^. The scientific impact of nations. Nature 430(6997)(July 15, 2004):3 11-316. 

^National Science Board. S&E Indicators, 2004. Chap. 5. Arlington, VA: National Science Foundation, 2004. 

^Shanghai’s Jiao Tong University Institute of Higher Education. Academic Ranking of World Universities, 2004. Available at 
htty'://ed.sjtu.edu-cn/rMTk/2004/2004Main.htai. The ranking emphasizes prizes, publications, and citations attributed to faculty and 
staff, as well as the size of institutions. The Times Higher Education Supplement need cit. has provided similar results in 
comparing universities worldwide. 
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to study abroad. Our nation — about 6% percent of the world’s population — has for decades produced more 
than 20% of the world’s doctorates in science and engineering. 

Because of globalization in the fields of science and engineering, however, it is difficult to compare 
rese^ch leadership among countries. Research teams commonly include members from several nations, and 
industries have dispersed many activities, including research, across the globe. 


SCIENCE AND ENGINEERING ADVANTAGE 

The strength of science and engineering in tiie United States rests on many advantages: the diversity, 
quality, and stability of its research and teaching institutions; the strong tradition of public and private 
investment in research and advanced education; the quality of academic personnel; the prevalence of 
English as the language of science and engineering; the availability of venture capital; a relatively open 
society in which talented people of any background or nationality have opportunities to succeed; the; US 
custom, unmatched in other countries, of providing positions for postdoctoral scholars;^ and the strength of 
the US peer-review and free-enterprise systems in weeding out noncompetitive academic and business 
pursuits. 

In addition to such t^gible advantages, US leadership might also be attributed to many favorable 
public policy priorities: research activities funded by public and private sources that have led to new 
industries, products, and jobs; an economic climate that encourages investment in technology-based 
companies; an outward-looking international economic policy; and support for lifelong learning.^ 

However, things are changing, as noted in Innovate Amen'ca, a 2004 report from the Council on 
Competitiveness ^ 

• Innovation is diffusing at an ever-increasing rate. It took 55 years for automobile use to spread to a 
quarter of the US population, 35 years for the telephone, 22 years for the radio, 16 years for the 
personal computer, 13 years for the cell phone, and just 7 years for the World Wide Web once the 
Internet had matured (through technology and policy developments) to the point of takeoff. 

• Innovation is increasingly multidisciplinary and technologically complex, arising from the 
intersection of different fields and spheres of activity. 

• Innovation is collaborative. It requires active cooperation and communication among scientists and 
engineers and between creators and users. 

• Innovation is creative. Workers and consumers demand evermore new ideas, technologies, and 
content. 

• Innovation is global. Advances come from centers of excellence around the world and are prompted 
by the demands of billions of customers. 

Central to the strength of US innovation is our tradition of public funding for science and 
engineering research. Graduate education in the United States is supported mainly by federal grants from the 
National Science Foundation (NSF) and the National Institutes of Health (NIH) to faculty researchers, 


^National Science Board. Science and Engineering Indicators 2004 (NSB 04-01). Arlington, Virginia. National Science 
Foundation. 2004. .p. 2-36. 

^COSEPUP. Internationa! Students and Postdocs, p. 81. Washington, DC: The National Academies Press. 

®K. H. Hughes. Facing the global competitiveness challenge. Issues in Science and Technology 21(summer 2005):72-78. 
^‘’Council on Competitiveness, National Innovation Initiative. Innovate America. Washington, DC: Council on Competitiveness, 
2004, p. 6. 
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buttressed by a smaller volume of federally funded fellowships. One study reported that 73% of applicants 
for US patents said that publicly funded research formed part or all of the foundation for their innovations.^^ 
Much of the nation’s research in engineering and the physical sciences is performed in federal laboratories, 
pml of whose mission is to assist the commercialization of new technology. 


OTHER NATIONS ARE FOLLOWING OUR LEAD— AND CATCHING UP‘^ 

It is no surprise that as the value of research becomes more widely understood, other nations are 
strengthening their own programs and institutions. If imitation is flattery, we can take pride in watching ^ 
other nations eagerly adopt major components of the US innovation model. Their strategies include the 
willingness to increase public support for research universities, to enhance protections for intellectual 
property rights, to promote venture capital activity, to fund incubation centers for new businesses, and to 
expand opportunities for innovative small companies.^"^ 

Many nations have made research a high priority. To position the European Union (EU) as the most 
competitive knowledge-based economy in the world and enhance its attractiveness to researchers 
worldwide, EU leaders are urging that, by 2010, member nations spend 3% of gross domestic product 
(GDP) on research and development (R&D).*^ In 2000, R&D as a percentage of GDP was 2.72 in the 
United States, 2.98 in Japan, 2.49 in Germany, 2.18 in France, and 1.85 in the United Kingdom.^^ 

Many nations also are investing more aggressively in higher education and increasing their public 
investments in R&D (Figure 3-1). Those investments are stimulating growth in the number of research 
universities in those countries; the number of researchers; the number of papers listed in the Science 
Citation Index; the number of patents awarded; and the number of doctoral degrees granted (Table 3-1, 
Figures 3-2, 3-3, 3-4).” 


“M. I. Nadiri. Innovations and Technical Spillovers. Working Paper 4423. Carabrii^e, MA: National Bureau of Economic 
Research, 1993. 

^^For anodier point of view, see Box 3-2. 

Council on Competitiveness, National Innovation Initiative. Innovate America. Washington, DC: Council on Competitiveness, 
2004, p. 6. 

^''K. H. Hughes. Facing the global competitiveness challenge. Issues in Science and Technology Vol. 21 No. 4(Summer 2005):72- 
78. See also M. Enserink. France hatches 67 California wannabes. Science 309(2005):547. 

M. May. Raising Europe’s game. Nature 430(2004) : 83 1 ; P. Busquin. Investing in people. Science 303(2004): 145. 

^^National Science Board. Science and Engineering Indicators 2004 (NSB 04-01). Arlir^ton, VA: National Science Foundation, 
2004, Appendix Table 4-43. 

Hicks. 2004. Asian countries strengtiien their research. Issues in Science and Technology Vol.20No. 4(Summer 2004):75- 
78. The author notes that the number of doctoral degrees awarded in China has increased 50-fold since 1986. 
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BOX 3-1 

Pasteur’s Quadrant 

The writers of this report, like many others, faced a semantic question in the discussions of 
different kinds of research. Basic research, presumably pursued for the sake of fundamental 
understanding but without thought of use, generally is distinguished from applied research, which is 
pursued to convert basic understanding into practical use. 

But that classification quickly breaks down in the real world because “basic” discoveries 
often emerge from “applied” or even “developmental” activities: 


Basic 

research 


Applied 

research 


Development 


Production 

and 

operation 


In his 1997 book, Pasteur 's Quadrant,* Donald Stokes responded to that complexity with a more 
nuanced classification that describes research according to intention. He distinguishes four types: 

• Pure basic research, performed with the goal of fundamental understanding (such as Bohr’s 
work on atomic structure). 

• Use-inspired basic research, to pursue fundamental understanding but motivated by a question 
of use (such as Pasteur’s work on the biologic bases of fermentation and disease). 

• Pure applied research, motivated by use but not seeking fundamental understanding (such as 
that leading to Edison’s inventions). 

• Applied research that is not motivated by a practical goal (such as plant taxonomy), 


In Stokes’s argument, research is better depicted as a box tlian as a line: 
Consideration of use? 


Quest for 

fundamental 

understanding? 


No Yes 


Pure basic 

research 

(Bohr) 

Use-inspired 
basic research 
(Pasteur) 


Pure applied 
research 
(Edison) 


In contrast to the basic -applied dichotomy, Stokes’s taxonomy explicitly recognizes research that is 
simultaneously inspired by a use but that also seeks fundamental knowledge, which he calls 
“Pasteur’s quadrant”. 

“D. Stokes. Pasteur’s Quadrant Washington, DC: Brookir^s Institution Press, 1997. 
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BOX 3-2 

Another Point of View: US Competitiveness 

“Americans having another Sputnik moment”, writes Robert J. Samuelson, “one of those 
periodic alarms about some foreign technological and economic menace. It was the Soviets in the 1950s and 
early 1960s, the Germans and Japanese in the 1970s and 1980s, and now it’s the Chinese and Indians.”^ 
Sputnik moments come when the nation worries about its scientific and technological superiority and its 
ability to compete globally. And, according to Samuelson, the nation tends to be overly concerned. 

Sputnik led to the tiieory of a “missile gap that turned out to be a myth. The competitiveness crisis of 
the 1980s suggested that Japan would surge ahead of us because they were better savers, innovators, 
workers, and managers. But in 2004, per capita US income averaged $38,324 compared to $26,937 for 
Germany and $29,193 for Japan.” 

Similarly, Samuelson argues that our current fears are unfounded, another “illi^ion” in which “a few 
selective happenings” are transformed into a “full blown theory of economic inferiority or superiority.” He 
argues that low wages ^d rising skills in China and India could cost us some jobs, but that US gains and 
losses in response to the rising economic power of those countries will tend to balance out. 

Samuelson indicates that he believes “the apparent American deficit in scientists and engineers is 
also exaggerated.” He notes that only about one-third of our science and engineering graduates work in 
science and engineering occupations and that if there were a shortage, salaries for those jobs would increase 
and scientists and engineers would return to them. Of greater importance, Samuelson concludes, is that the 
United States must continue to draw on the strengths that overcome its weaknesses: “ambitiousness; 
openness to change (even unpleasant change); competition; hard work; and a willingness to take and reward 
risk”. 

^ R. J. Samuelson. Sputnik scare, updated. Washington Post. Aug. 26, 2005, pA27 
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TABLE 3-1 Publications and Citations Weighted by Total Population and Nmnber of University 
Researchers 



United States 

European Union 

Publications 

1,265,608 

1,347,985 

Publications/population 

4.64 

3.60 

Publications/researcher 

6.80 

4.30 

Researchers/population 

0,68 

0.84 

Citations 

10,850,549 

8,628,152 

Citations/population 

39.75 

23.03 

Citations/researcher 

58.33 

27.52 

Top 1% publications 

23,723 

14,099 

Top 1% publications/population 

0.09 

0.04 

Tod l%Dublications/researcher 

0,13 

0,04 


Number of publications, citations, and top 1% publications refers to 1997-2001. Population (measured in thousands) and number 
of university researchers (measured in full-time equivalents) refers to 1999. Each cited paper is allocated once to every author. 
European Union totals are adjusted to account for diq)lications by removing papers with multiple EU national authorship to give 
an accurate net total, 

SOURCE:G. Dosi, P. Llerena, and M, S. Labird. Evaluatir^ and Comparing the Innovation Performance ofthe United States and the European 
Union. Expert report prepared for the Trend Chart Policy Workshop (Jun. 29, 2005). Available at 
http://trendchart.cordis.liVscoreboards/scoreboard2005/pdfi'EIS%202005%20EU%20versus%20US.pdf 
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FIGURE 3-1 R&D expenditures as a percentage of GDP are beginning to rise worldwide 

SOURCE: Organisation for Economic Co-operation and Development. Ivbin Science and Engineering Indicators. Paris: OECD, 

2005. 
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FIGURE 3-2 US patent applications. 

Source; Task Force on the Future of American Innovation based on data from National Science Foundation. Science and 
Engineering Indicators 2004, Appendix Table 6-11. Arlington: APS Office and Public Affairs. 



FIGURE 3-3 Total science and engineering articles with international coauthors. Note: Internationally 
coauthored articles were counted more than once for each country where work was performed represented 
on the author list. So if an article was written by authors from the US and Switzerland, it would be included 
in the count for both countries. 

SOURCES: Task Force on the Future of American Innovation based on data from National Science Foundation. Science and 
Engineering Indicators 2004, Appendix Table 6-1 1. Arlington: APS Office and Public Affairs. National Science Board. Science 
and Engineering Indicators 2004. NSB 04-1. Arlington, VA: National Science Foundation, 2004, Table 5-30. 
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FIGURE 3-4 Disciplinary strengths in the United States, the 1 5 European Union nations in the comparator 
group (EU 1 5), and the United Kingdom . The distance from the origin to the data point is proportional to 
citation share. 

SOURCE; D. A. King. The scientific impact ofnations./'toj^re 430(2004) 311-316. Data are from citations in ISI Thompson. 
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China is emulating the US system as well. The Chinese Science Foundation is modeled after our 
National Science Foundation, and peer review methodology and startup packages for junior faculty are 
patterned on US practices. In China, national spending in the past few years for all R&D activities rose 
500%, from $14 billion in 1991 to $65 billion in 2002. US R&D spending increased 140%, from $177 
billion to $245 billion, in the same period. 

The rapid rise of South Korea as a major science and engineering power has been fueled by the 
establishment of the Korea Science Foundation — funded primarily by the national sports lottery — to 
enhance public understanding, knowledge, and acceptance of science and engineering throughout the 
nation.^^ Similarly, the government uses contests and prizes specifically to stimulate the scientific enterprise 
and public appreciation of scientific knowledge. 

Other nations also are spending more on higher education and providing incentives for students to 
study science and engineering. To attract the best graduate students from around the world, universities in 
Japan, Switzerland, and elsewhere are offering science and engineering courses in English. In the 1990s, 
both China and Japan increased the number of students pursuing science and engineering degrees and there 
was steady growth in South Korea.^*^ 

Some consequences of this new global science and engineering activity are already apparent — not 
only in manufacturing but also in services. India’s software services exports rose from essentially zero in 
1993 to about $10 billion in 2002.^^ In broader terms, the US share of global exports has fallen in the past 
20 years from 30% to 17%, while the share for emerging countries in Asia grew from 7% to 21%}^ The 
United States now has a negative trade balance even for high-technology products (Figure 3-5). Tliat deficit 
raises concern about our competitive ability in important areas of technology. 

Although US scientists and engineers still lead the world in publishing results, new trends emerge 
from close examination of the data. From 1988 to 2001, world publishing in science and engineering 
increased by almost 40%,^"^ but most of that increase came from Western Europe, Japan, and several 
emerging East Asian nations (South Korea, China, Singapore, and Taiwan). US publication in science and 
engineering has remained essentially constant since 1992.^^ Since 1997, researchers in the 1 5 EU countries 
have published more papers than have their US counterparts, and the gap in citations between the United 
States and other countries has narrowed steadily. The global increase in the production of scientific 
knowledge eventually benefits all countries. Yet trends in publication could be a troubling bellwether about 
our competitive position in the global science community. 


*®OECD. Science, Technology and Industry Outlook 2004. Paris, France: OECD, 2(X)4, p. 190. The United States spends 
significantly more than China on R&D in gross terms and in percentage of R&D. However, if China’s US$65 billion in R&D 
spending were adjusted based on purchasing power parity, it would approach US$300 billion. 

’^Korean Ministry of Science and Engineerir^ (MOST). Available at http://www.mostgo.kr/most/englishyiink_2.jsp. 

“National Science Board. S&E Indicators, 2004. Arlington, VA; National Science Foundation, 2004, p. 2-35. 

S. S. Athreye. The Indian software industry. Carnegie Mellon Software Industry Center Working Paper 03-04. Pittsburg, PA : 
Camgie-Mellon University, Oct 2003. 

“For 2004, tire dollar value of high-technology imports was $560 billion; the value of high-technology ej^orts was $511 billion. 
“D. R Francis. U.S. runs a high-tech trade gap. Christian Science Monitor. Vol 96. No. 131. (June 2, 2004) p.1-1. 

^National Science Board. S&E Indicators, 2004. Arlington, VA; National Science Foundation, 2004, Chap. 5. 

“Ibid., Table 5-30. 

“D. a. King. The scientific impact of nations. Nature 430(6997)(July 15, 2004) :3 11-316. 
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FIGURE 3-5 United States trade balance for high-technology products, 1990-2003. 

SOURCE: Task Force on the Future of American Innovation based on data from U.S. Census Bureau Foreign Trade Statistics, 
U.S. International Trade in Goods and Services. Complied by APS Office of Public Affairs. 


INTERNATIONAL COMPETITION FOR TALENT 


The graduate education of our scientists and engineers largely follows an apprenticeship model. 
Graduate students and postdoctoral scholars gain direct experience under the guidance of veteran 
researchers. The important link between graduate education and research that has been forged through a 
combination of research assistantships, fellowships, and traineeships has been tremendously beneficial to 
students and researchers and is a critical component of our success in the last half-century. 

One measure of other nations’ successful adaptation of the US model is doctoral production, which 
increased rapidly around the world but most notably in China and South Korea (Figure 3-6). In South 
Korea, doctorate production rose from 128 in 1975 to 2,865 in 2001. In China, doctorate production was 
essentially zero until 1985, but 15 years later, 7,304 doctorates were conferred. In 1975, the United States 
conferred 59% of the world’s doctoral degrees in science and engineering; by 2001, our share had fallen to 
41%. China’s 2001 portion was 12%.^ 

Another challenge for US research institutions is to attract the overseas students on whose talents the 
nation depends. The US research enterprise, especially at the graduate and postdoctoral levels, has benefited 
from the work of foreign visitors and immigrants. They came first from Europe, fleeing fascism, and more 
recently th^ have come from China, India, and the former Soviet Union, seeking better education and more 
economic opportunity. International students account for nearly half the US doctorates awarded in 
engineering and computer science^^ (Figure 3-7). Similarly, more than 35% of US engineering and 
computer science university faculty are foreign-bom.^® According to US Census data from 2000, the 
proportion of doctoral-level employees in the science and engineering research labor force is about 
equivalent to the percentage of doctorates produced by US universities. 


S National Science Board. Science and Er^ineerit^ Indicators 2004 (NSB 04-01). Arlington, Virginia National Science 
Foundation. 2004. Appendix Table 2-38. 

National Science Board. Science and Engineering Indicators 2004 (NSB 04-01). Arlington, Viiginia National Science 
Foundation. 2004. 

''Ibid. 
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FIGURE 3-6 US doctorate production in science and engineering is decreasing; EU and Asian production 
is rising but is still well below US levels. 

SOURCE: National Science Board. Science and Engineering Indicators 2004. NSB 04-1 . Arlington, VA: National Science 
Foundation, 2004, Table 5-30, 

Many nations are seeking to reap the benefits of advanced education, including strong positive 
effects on GDP growth. They are working harder to attract international students and to encourage the 
movement of skilled personnel into their countries. 

• China implemented an “opening-up” policy in 1978 and began to send large numbers of students and 
scholars abroad to gain the skills they need to bolster that country’s economic and social 
development. 

• India liberalized its economy in 1991 and started encouraging students to go abroad for advanced 
education and training. Since 2001, the Indian government has been providing money ($5 billion in 
fiscal year 2005) for “soft loans”, which require no collateral, to students who wish to travel abroad 
for their education. In 2002, India surpassed China as the largest exporter of graduate students to the 
United States.^* 

• The United Kingdom's points-based Highly Skilled Migrant Programme, which began in the mid- 
1990s, has increased the number of work permits issued to skilled workers. 

• The Irish government permits relatively easy immigration of skilled workers in information 
technology and biotechnology through intra-company transfers from non-Irish to Irish locations. 


Conference Board of Canada. The Economic Implications of International Education for Canada and Nine Comparator 
Countries; A Comparison of International Education Activiti^ and Economic Performance. Ottawa: Department of Foreign 
Affairs and International Trade, 1999. 

Institute for International Education. Open Doors Report on International Educaticaial Exchange. New York: Institute for 
Internal Education, 2004. 
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• Several EU countries and the EU itself have programs that facilitate networking among students and 
researchers working abroad, providing contact information, collaborative possibilities, and funding 
and job opportunities in the EU. The German Academic Exchange Service has launched GAIN 
(German Academic International Network); the Italian Ministry of Foreign Affairs has launched 
DAVINCI, an Internet database that tracks the work of Italian researchers overseas; and the EU has 
its Researcher’s Mobility Portal. 

• Nigeria and other oil-producing nations use petroleum profits to support the overseas education of 
thousands of students. 
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FIGURE 3-7 Doctorates awarded by US institutions, by field and citizenship status, 1985-2003. 

US citizens and permanent residents earn about 62% of the doctorates in all fields of science and 
engineering, about 60% in the physical sciences, and 41% of those awarded in engineering and the 
combined fields of mathematics and computer sciences. 

SOURCE: National Science Foundation. 2005. Survey of Earned Graduates. Arlington, VA: National Science Foundation 
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In addition to sending students abroad for training, emerging economic powers, notably India and 
China, have lured their skilled scientists and engineers to return home by coupling education-abroad 
programs with strategic investments in the science and engineering infrastructure — in essence sending 
students away to gain skills and providing jobs to draw them back.^“ 

The global competition for talent was already under way when the events of September 11, 2001, 
disrupted US travel and immigration plans of many international graduate students, postdoctoral 
researchers, and visiting scholars. The intervening years have seen security-related changes in federal visa 
and immigration policy that, although intended to restrict the illegal movements of only a few, have had a 
wider effect on many foreign-bom graduate students and postdoctoral scholars who either were already in 
the United States or were contemplating studying here. Many potential visitors who in the past might have 
found the United States welcoming them for scientific meetings and sabbaticals now look elsewhere or stay 
home.^^ Much of this is to our detriment: Hosting international meetings and visiting researchers is essential 
to staying at the forefront of international science. 

The flow of graduate students and postdoctoral researchers is unlikely to be curtailed perm^ently, at 
least as long as the world sees the United States as the best place for science and engineering education, 
training, and technology-based employment (Table 3-2). If that perception shifts, and if international 
students find equally attractive educational and professional opportunities in other countries, including their 
own, the difficulty of visiting the United States could gain decisive importance. 

TABLE 3-2 Change in Applications, Admissions, and Enrollment of International Graduate Students, 
2003-2005 



Total 

Eneineerins 

Life Sciences 

Physical Sciences 

Applications 

-2S% (-5%) 

-36% (-7%) 

-24% (-1%) 

-26% (-3%) 

Admissions 

-18% 

-24% 

-19% 

-17% 

Enrollment 

-6% 

-8% 

-10% 

+6% 


NOTE: There have been large declines in applications and admissions and a more moderate decrease in 
enrollment. The admissions data for the 2005 academic year are shown in parentheses. 

SOURCES: H. Brown andM. Doulis. Findings from the 2005 CGS International Graduate Survey 1. Washington, DC: Council of 
Graduate Schools, 2005. H. Brown. Council of Graduate Schools Finds Decline in New International Graduate Student 
Enrollment for the Third Consecutive Year. Washington, DC: Council of Graduate Schools, Nov. 4, 2004. 


R. A. Mashelkar. India’s R&D: Reachir^ for the top. Science 307(2005):1415-1417; L. Auriol. Why do we need indicators on 
careers of doctorate holders? Workshop on User Needs for Indicators on Careers of Doctorate Holders. OECD: Paris, Sept. 27, 
2004. Available at http://www.olis-oecd.org/olis/2004doc.nsf- 

^^COSEPUP.Policy Implications of International Graduate Students and Postdoctoral Scholars, p. 61. Washington, DC: The 
National Academies Press. 

^'’Ibid.p. 79- 
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STRAINS ON RESEARCH IN THE PRIVATE SECTOR 

A large fraction of all those with doctorates in science and engineering in the United States — more 
than half in some fields — find employment in industry (Figure 3-8). There they make major contributions 
to innovation and economic growth. US industry has traditionally excelled at innovation and at capitalizing 
on the results of research.^^ For decades after World War 11, corporate central research laboratories paid off 
in fledgling technologies that grew into products or techniques of profound consequence. Researchers at 
Bell Laboratories pursued lines of groundbreaking research that resulted in the transistor and the laser, 
which revolutionized the electronics industry and led to several Nobel prizes. 



FIGURE 3-8 The majority of people with science or engineering doctorates obtain nonacademic jobs. 
About equal numbers work in academic and industrial settings, and about 15% work in government or other 
sectors. 

SOURCE: National Science Foundation. Survey of Doctoral Recipients. Arlington, VA; National Science Foundation, 2004. 

Although industry-funded R&D has increased steadily overall (Figure 3-9a), that new money has 
gone overwhelmingly to activities that are near-term and incremental rather than to long-term or discovery- 
oriented research and R&D as a share of gross domestic product has declined (Figure 3-9b). Several 
explanations are offered for industry’s turn away from fundamental research. First, the Bell Laboratories 


Steven W. Popper aid Caroline S. Wagner. New foundations for growth: The US innovation system today and tomorrow. 
RAND: Arlington, VA Januaty 2002. 

The authors note the following advantages of industry: rapid responses, flexibility and adaptability, efficiency, fast entry and exit, 
smooth capital flows, and mobility. 

^^United States Congress, House of Representatives Committee on Science. Unlocking our future: toward a new national science 
policy. September 24, 1998. p. 38 Available at http://www.house.gov/science/science_policy_report.htm. 
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model was supported by funding from a monopoly that now is dismantled and no longer relevant to the 
organization of science and engineering research in the United States. Second, Wall Street analysts 
increasingly focus on quarterly financial results and assign little value to long-term (and therefore risky) 
research investments or to social returns. Third, companies cannot always fully capture a return that justifies 
long-term research with results that often spill over to other researchers, sometimes including those of 
competitors. Fourth, private-sector research is more fragmented across national boundaries in the era of 
globalization. Capital follows opportunity with little attention to geopolitical borders — this may lead more 
multinational companies to pursue opportunities outside the United States. 

The National Science Board^^has made the following observations: 

• Two-thirds of the R&D performed overseas in 2000 by US-owned companies ($13.2 billion of $19.8 
billion) was conducted in 6 countries: the United Kingdom, Germany, Canada, Japan, France, and 
Sweden. At the same time, emerging markets — such as those in Singapore, Israel, Ireland, and 
China — were increasingly attracting R&D activities by subsidiaries of US companies. In 2000, each 
of those emerging markets reached US-owned R&D expenditures of $500 million or more, 
considerably more than in 1994. 

• Three manufacturing sectors dominated overseas R&D activity by US-owned companies: 
transportation equipment, computer and electronic products, and chemicals and pharmaceuticals. 

The same industries accounted for most foreign-owned R&D in the United States, implying a high 
degree of R&D globalization in those industries. 

As some large companies reduce their investment in basic research, smaller research-based 
enterprises often assume risk as the only way to break into a competitive market. Those startup companies 
commonly rely on the initial capital provided by their investors to finance early research, coupled with the 
granting of potential future financial gains in the form of stock options to compensate employees. If the 
money runs out, they can seldom interest venture capital firms until they have grown considerably larger. 
Many of those companies thus expire before reaching commercialization.^^ 

The overall amount of venture capital invested also has collapsed since the stock market decline of 
2000, sinking in 2002 to one-fifth the amount invested in 2000^^ (Figure 3-10). Venture capital investments 
in US companies have since stabilized at around $20 billion in 2003 and 2004'*'^, just one-fifth of their 2000 
peak but well above 1998 funding. Led by a resurgence in late-stage financing, total venture capital 
investment rose 10.5% to $20.9 billion in 2004, according to the MoneyTree Survey by 
PricewaterhouseCoopers, Thomson Venture Economics, and the National Venture Capital Association 
(NVCA).'*^ With stock values rising, the climate for initial public offerings and acquisitions has improved, 
attracting capital from investors considering exit opportunities. 


^’National Science Board. Science and Engineering Indicators 2004 (MSB 04-01). Arlington, Virginia. National Science 
Foundation. 2004, p, 4-65. 

^*Nationa] Research Council. Board on Science, Technology, and Economic Policy. The Small Business Innovation Research 
Program: An Assessment Of The Department Of Defense Fast Track Initiative. Washington, DC; National Academies Press. 

2000. Available at: http://books.nap.edu/catalog/9985.html 

Committee on Science, US House of Representatives. Unlocking Our Future; Toward a New National Science Policy (the “Ehlers 
Report’O-Washington, DC: US Ccmgress, 1998. p. 39 

^^National Science Board. Science and Engineering Indicators 2004 (NSB 04-01). Arlington, Virginia. National Science 
Foundation. 2004. AppendixTable 6-15. 

National Venture Capital Association, http://www.nvca.org/ffax.html 

PricewaterhouseCoopers. “MoneyTree Survey.” Available at http://www.pwcmoneyhee.com/moneytree/index.jsp. Accessed 
December 20, 2005. 
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Billions of canstanl 1996 dollare 



SOURCE NBlkinel Soanoa Foundatan, OvwonofSaancaRaouioaa SMrtcs. NtfonamArnsofRiORacouroas. 
annual aariea Saaa|)|>andnlBb<asB-28ndB-22 


FIGURE 3-9a US R&D funding. By Source of Funds, 1953-2003. 

SOURCE: NSF Division of Science Resources Statistics. National Patterns of Research Development Resources, annual series. 

Appendix table B-2 and B-22. http://www.ns£gov/statistics/nsfD5308/secta.htm 

Paraenl 



FIGURE 3-9b R&D shares of US gross domestic product: 1953-2003. 

SOURCE: NSF Division of Science Resources Statistics. National Patterns of Research Development Resources, annual series. 
Appendix table B-9. http://wvvw.ns£gov/statisics nsfD5308/sectd.htm 
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U.S. venture capital disbursements, by stage of 
financing: 1992-2CX>2 

Millions of U.S. dollars 



1992 1994 1990 1996 2000 2002 


FIGURE 3-10 Venture capital funding is returning to pre-2000 levels. 

SOURCES: Thompson Venture Economics, special tabulations, June 2003. See appendix table 6-16. Science & Engineering 
Indicators-2004 
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Another positive sign is a recent increase in capital raised by venture funds, suggesting an improving 
attitude toward risk taking. According to NVCA and Thomson Venture Economics,'*^ venture funds raised 
$17.6 billion in 2004, more than in the prior 2 years combined (albeit at just one-sixth their 2000 peak). 
There is a strong funding pipeline to support venture capital investments in 2005, especially early-stage 
investments with particular emphasis on biotechnology. 

In addition to private venture capital, small companies can obtain federal tax incentives and other 
help through the research and experimentation (R&E) tax credit (Table 3-3) and the federal Small Business 
Innovation Research (SBIR) program and Advanced Technology Program''^ (Table 3-4). 

The US workforce faces the additional pressure of competing with workers in nations with lower 
wage structures. A US company can hire five chemists in China or at least that many engineers (depending 
on the field) in India for the cost of one employee of equivalent training in the United States."^”^ The upshot 
has been the growing trend of corporations moving work offshore because of wage disparities (Figure 3- 
1 1). Wage differences at the factory and clerical levels are even more pronounced. 

A recent McKinsey and Company study reported that the supply of young professionals (university 
graduates with up to 7 years of experience) in low-wage countries vastly outstrips the supply in high-wage 
countries. There were 33 million people in that category in 28 low-wage countries, and 15 million in 8 high- 
wage countries, including 7.7 million in the United States.'*^ With opportunities to study or work abroad or 
to work at home for a multinational corporation, workers in low-wage countries increasingly will be in 
direct competition with workers from developed nations. 


'‘^PricewaterhouseCoopers. “MoneyTree Survey.” Available athttp://www-pwcmoneytree-com/moneytree/index.jsp. Accessed 
December 20, 2005. 

'‘^The other two programs are the Advanced Technology Program (ATP) in the Department of Commerce and the Manufacturing 
Technology Program in the Department of Defense. The ATP was nearly eliminated this year, before Congress restored its 
modest level of funding in a last-minute effort 

The website http://www-payscale.com/about.asp tracks and compm’es pay scales in many countries. R. Hira, of tiie University of 
Rochester, calculates average salaries for engineers in the United States and India as $70,000 and $13,580, respectively. 

McKinsey and Company. The Emerging Global Labor Market: Part n — ^The Supply of Offshore Talent in Services. New York: 
McKinsey and Company, Jun. 2005. 

'‘®Ibid. 
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TABLE 3-3: R&E Tax Claims and US Corporate Tax Returns, 1990-2001 


1 R&E Tax Credit Claims I 

Year 

Current Dollars (millions) 

2000 Constant Dollars 
(millions) 

Returns 

1990 

1,547 

1,896 

8,699 

1991 

1,585 

1,877 

9,001 

1992 

1,515 

1,754 

7,750 

1993 

1,857 

2,101 

9,933 

1994 

2,423 

2,684 

9,150 

1995 

1,422 

1.544 

7,877 

1996 

2,134 

2,274 i 

9,709 

1997 

4398 

4,609 

10,668 

1998 

5308 

5,399 

9,849 

1999 

5381 

5396 

10,019 

2000 

7,079 

7,079 

10,495 

2001 

6356 

6,207 1 

10,388 


NOTE; Data exclude IRS forms 1 120S (S corporations), 1 120-REIT (Real Estate Investa ent Trusts), and 
1 120-RIC (Regulated Investment Companies). Constant dollars based on calendar year 2000 GDP price 
deflator. The R&E credit is designed to stimulate company R&D over time by reducing after-tax costs. 
Companies that qualify may deduct or subtract from corporate income taxes an amount equal to 20% of 
qualified research expenses above a base amount. For established companies, that amount depends on 
historical expenses over a statutory base period relative to gross receipts; startups follow other provisions. 
SOURCE: US Internal Revenue Service, Statistics of Income program, unpublished tabulations. 
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TABLE 3-4 Early-Stage Venture Capital, Including SBIR, ATP, and Private Sources 


Federally and Privately Funded Early-Stage Venture Capital, in millions of dollars. 

Year 

Federal SBIR 

Federal ATP 

Private Early-Stage Venture Capital 

1990 

461 

46 

1,148 

1991 

483 

93 

826 

1992 

508 

48 

1,186 

1993 

698 

60 

2,100 

1994 

718 

309 

1,581 

1995 

835 

414 

2,143 

1996 

916 

19 

2,658 

1997 

1,107 

162 

3373 

1998 

1,067 

235 

4,700 

1999 

1,097 

110 

10,995 

2000 

1,190 

144 

20,260 

2001 

1,294 

164 

764 

2002 

NA 

156 

1,813 


Notes: ATP, Advanced Technology Program; NA, not available; SBIR, Small Business 
Innovation Research 

Data reflect disbursements funded publicly through federal SBIR and ATP and privately 
through US venture capital fluids. 

Source: National Science Board. Science and Engineering Indicators 2004 (NSB 04-01). Arlington, Virginia. 
National Science Foundation. 2004. p.6-31 
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■nis^ ■. Vrdr«ii.v. rnHj nf n dn nri Iota a/u^ ■f^nJu^r^iiJ' l^a ifr^fviauu rd'diru deilk In 
■ n.'Qin^ nir ichriklricn Ln iJudv ihKWJ uj^cfli TrY Eheircixea iipfm^rYtjfi aul fee ihuE ^ruil 

hvii^ril. CXbcr n^uu kaiYU ikaviJ Thki -he h^}^e~l'•a. sJ LJk% arc LunJir^ dicir im frtnnili b 

vuMV ar^ -f^iiefnip Eikicslin] bemsj:' iloini.upi^ inituiiE aj»d uciaJ -^vLikr^ 

rue cf ncH nkfiulMial Lirap^kijn mjuiaiEC inJ cn^noicrin^ b I jrLTn|. &r I'rdJiiJ SlMn ^ 
bA ■f^bi'llb.n ^tl niaLiiiiv.^'Ani -^n rmt Lli^ Jaiurdh uf Ih^ 2ki1 •mlin. TIe' iBA»n riB.'U)i kvbhJ «u 
cd'L'hiJkT^: Ki I2 hiudnrt pie|U]iJini n m-vivk juJ nLlJ^luliL'^. lniil«d mikr.jCruJi£^ iiCaeirt oi 
pjk^T ajiJ ciffncmiK ir^wv. bip^iflLuC kliolnl aJbilim kcrafr uid c^bi^rrbK 

upj i^r^idU- i^BkAli. Mtl yikrtCt ilid 4d£iiHfBli dd^illi^tl tfiril K Mrid- ItaltJiM iiudeipUlHy 
HUdaib Ll! 'A-iJik OBlkhlt* uii^diMlici. 


K 12 Prtl^iniihe 

IjAkriKfi «i «id K^lirpikiev' i (■kva iii mww •rw^n u-rAin itw 

and- jicaii^p l^f wiftd «»fKlrTPi^fdi^fVl^ moffl W‘^ ofi 

PDCi flfiiiMrtnt LVI oir pnrrhi^' pjxi wifriiJT * k \ vk ^ Oc im imt * ihl4i in prodih^ •Uiididm n'rti 

rrtribii^. kwin-M^. Iffd4«ilk Ifwx wjl! riMtlln ao± fr«pir W\ dia tfn^reis^ wnriri 

llw rv U.U idrisK* ra|vnY^r*eiTl m nialhcnulkA leal axirraa irren l^fU ihmii^ 4viK' 

h^i nf 44h pnda aud^nU sil iVr^ n( Hh jTvb aJudarn u bi tnr4( dia IMD^ ^NiJirwiaJ \waj«qi|t rl' 
I'jkif^irwul rVognu j'ha-lKP^pirlfrfTTud al cr dioornE diE "pnilleiird ' Icv^l wi vaJhonilLc | .^-N'l 

■|PrunciErk.i n u dcmoabalEd hv »fTTpc1eTUi: wadi is^ler'' ^e mdli uT l(r 

uhace b'Mjl VaKI' kal wixe vnibr. 4?hl|.' nf 4lh g.nii: aliidErli^, rd'llh vtaiiaiLa and liira 
st I llli ipailc aluJnik pvrTcmEiJ d ta^AuTE dtr pntwinl ti eI. d-l S.L Vk'dJioui fniJERiiTilal 

kjTTwInJ^ inJ li^ilbh ihr k^jdIIh CdAudnfr a^nbiii; [faia pwtarijluU lJh»K tcivw lie Iibeb: 

kv^ ^ lui. iJiE rcunJalhHi Cjt |^ouJ ^b-. anJ fiil pxlkiBHiini ii aKiEly. 

Ou 4ii j^uJraQjdnib (Kifunn ■ ncD □■ nu^kaiLrtu inJ ai'xnuc n ik> lieu pom ^ <4ln naiicnj. 
bn dl [h rtitiil ildtMilkil I Till f^adcti ■Affc diml Ifal bMiI^ aliKkila n Iv I'BnkipiJhTJ k 
Ole Ti^^ib ih DilcnulMfEi ^lillictiliAJLt i^d ^iniuE Soid^ ^^UTlhi:: 20 ttimsim lunKJ b. ai^ trt.rd 
rMihc*IUlCi Mil [t^'UCi. rtCiti MvTtil di0lin£4ld> |^hU. dd ilk LbJb-d Slain Ih (idia Wb^-L TTk 
rHiil'iY diiTpJibi 44 US ll^'Khwi iTNdtfii^ III it>Md vtM iH ^ttn -vy^iKCd Ml v> Hidd^iHiK- gwiiiy ■;■[ 
uriiihDit ^ i liLinliiLlljr*. 


a jVrvibUi u kiF-'‘im#d.|pr fB^Rkfiiwak ^;^mi^'3ajd-l93 l^wacha' 

P ^ [\Twn^l Q H Ibn UH Lw. m4 Y Jtw, r^^4dui'i kepnl WibiqtT. [iC Lg 

l^v^unn b* M^hvyi, JfiM r — ' m M^^ul ■‘ajJaTrfi^ 


HR^PUiajlTATHW VEHilON 


]>-2d 
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FDTbI'BF. Stuilail •^Ievs.'bct^ ■■ Of mdJiErndibi 'priwii uf iK: KaJimiJ >TMEmcTl hiAuilkwl 
h'v^B |1S'^U!P| 

^ygTmJC^ L l i■ l ii AalUw rvn cd piv wsBtpCTtfvd 


H? 


PRE'F^IHECAIXINS '■'KKSKW 


l'riY¥M> 3W4]:'dnt4n 
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J'ICL'HX J-jSSlidbil -aii Ur luniuC' p^klJlj 1 l ■jflliC' Niiincl AfK»icii1 v \ EdiufcHvd 

(NAE^. 

BglULCB:HrtCT»J'l*-nhTfcTg 4i.— I Mriiiia. ■ hi^,'-^np.4ilfw^HPr^nkv4 

Then hiL hdW'itt. t-Kfi Halt- miuiblv giol ik<>i chui indtH KhnvntK E4i endet? 
d)4 l>!<i«f «i n jjJHTUIdfBt w mintnc cd'miil«in»:4 41^ kihk^ in 1/K0 4iin Uw- Hntajit'fraiv dnl m 
1*44^. (rfirrTiifivW.j. in l-hflj pirrH^ ^ oifipjruofi wll^ rkidvilj iT^mt b^iVJ 

adiHHWuil pip ihiE HpnM Ahiai Anrtcin md HsfiviiE Jriiidvti Ittiii itudirarm jimhI 

Jbua 111! pallid ■ iLiiiil moviiijil by Ui: OECD Ai^^raini' An lidniu.b>jicd Slimlcil 

Ama^ml mtdnJ U'ul U5 L!-^n--cJdi or nar Uk b^jauai milUwi Jc iu Am utmliPr ^ 


]-l£ 


TfHE-EUBLhTAllON 1.TRBI0N 


Kdmwr ]|]4<7 Edikun 
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proi^kfi! itwi m-JdidrMiNil ui>jidrf-uidn|. 'I¥u; nMitip ftr ihc- Im flM iKkugJi 

unw. ^ md 9!^|,'ri|if-rJik>. hAV« TTfirm^d. uini af for d nnuiriad 

Ui DT^n ir^ ^-liiinl uscitv. a %:icnK mdlhaiilisi u Lu yu^ik uf^aeri: in iKn: 
■lii^Cs.'ti.^ ini ^1 k-lirEujIl bcEiuE mlhfTndB.i dJ lEicKr IcKiuh ur. a ■ lui^^ ii-^njunii 

JlMlkhiiMd'. Miji> iJidu niJi V^luh I'Ndali CuIk ai K^iriK'b Ukc pfiik ui ^ki d1 

■jt^4i^r^Ans~'M' Ti4^dr lAins" mvftcmNKi lFm !#*;hn tw\ VKhdiid 4iii -vi wrcMlDg 

ihi pujot 4id Kh'ti ftun ^ cr^ins [pm ^ 

<!hild liAird 4a Iw 4:ri£i nm hi|^k qiEdt'i^ Ki^in Ou* 1 1 Alvid ir^-rJfh^ 

lEiuci niiiwnijlk^ iA>Acrtfc irmJ dO^*ol‘ dusir rrreJlEd in |divib:il &Lini.'c Kjte 4s3^cn w^d dliia diJ ai£ 
nujjr m lie wb^t b-c«4Je|^ iv jji biI ectUIIliJ lu Lrajfi tf. 7^ iLiaJkin ii ¥^me lur Icv^Hnocnr ihji^ila 
TC^fruT ihdif ii'dUIe liUlwtIdlibh IddjHiM if^viEij ill mHi'r ijiJkEr rtbffti iA 

MHJ>iv.hA». in dN^nni^ •^f'Mrrhvli wf-tth lirfi ir>4 

pKh ip^-dricu HP^iir vffiAt. r4f4Pl tnwiPl. p<W< in Hi[4mwii#i9 iPOir«K3^^ mn •,n#M1 hg 

kiua^n^ ^ loll n pul bA^E>^ n^u' iricnr^ md aulkfrn^taia ioadir^md Lamvig vteilvdj Lhal 
CTTfiiui^E ■ifjk'i* mJ -driiilod! 'jT Tev^ct 

■^■lihcT aijn* LiiilbsKC' BhJ or^CT^ifilv ■> Ubi ln'm ^ divoulsi' iiFUk ^IimJcxJ tmJ Ijic 

hrjd tlTdjM IH dlMldV Of edlKdilOil 'hlUfM Mli dllHklL fdnJcUblh' bdiu^n bihjrhBl. UlhM. 

<!)* pr-pl s«i)# 'ihil ^onu^MillK il >(111 »'p tfnt ri ipl "ki 

Hnnv4i>:<Hl hhF’. «(»•)■ wtwn «o« 41 lt» tutwi ivptiiiiiwj. piii»mvi>i. jk) 

■ Eifrvf cninEi vu liLE Iru^umlk' NlCcrud In mnj .nd dlv p^ekFi Ihni m roibirfan ran Hrar In lEt^in-j 
■I dBUdnlim uFlTuidir^ »d lEiEhu.K’dKHjhJ lie ■ Qrp-priiriL> xinf Fu Uk I'liilcJ 

^aJn~ IE u ■! iiauc Ehil ■ cwciLikJ by llic utilaioc uf ibiLvl I5.D00 ■ck.ul dblnd^. rn^rfa ojilaiiriK 
Ml 'ir-UH UlUdli 


>ludrirl Inlnnl In ^dcncE jni J’lDeJnrrrlBf I ‘arrf n 

rhr UMed Slain iwka ]b i>f LT iilau^ ai Uk piij|Mrta^4ir24-|icn-vUa V^liv«ajn dqpcti ■! 
llPiird !4MIM 4f d1£IP^K1Vlt *i ■MfiCf FTHKifP lid nilKYTi >X>kllt 

runhkj iiF lUi^dlH'L rtc^Nrii .MjndjEl in Ihd L nriaHKIaNii 

AjCt^EI jUri l^prd A-I^K 

iiTdbujI Bti^AoT rtidcTita Erli.Tvi||^ luI^Ii^ in dre l.'niloJ (nin Uuo 9 lS^ iJlKm LS lilifcn •jt 
paiiHKd i^iklnrila) iMnpJ U dj|j£r ui ncic^T Ct itynjitKnaiK TltC (^TVi^JiliLvi hai I'oiiiia^ fvlj- ucibIM 
u W U'k liE^ 2]0 ^aJl. lliM’Wa. Unkdj^ idiUt ai dine ■JiM'^lMehti fc^u^ LIr lOViol iM^itujd 

nm iiKHTE Pll 4^t4<fTr*c EhKip4irit4. Mid Fe^ ^jftnvi TPMler iriKi 4 \tf^ I'hW^ Ikifn ixlw 
ihnwffiraK Ika I mil I'diAir Ihan hjir«f inrbry&liBjE sftn iiaiiai iJiHW irAnJini.b>^jni i. 


^R' c ygjiii Sr LuTBiABd !k*leri Xauawn u kip • vw I'iakOibJ-xip nSA, a uiTa^ ^htl 

tpWL A^^OCh-rtc I in' L^pnfMH mrnn Iv^kd h nJ d 

doripaliv^ adiiAifl hma ta*« id*^ a^ liCk liu m aiun.ii ArriUI paufuri 

^Kdmrbnm Anficvisid^iU^m'iVikdra’iT-Wf l^'CblM-i.dl .Mti^n. E^^mJ Mmn 

nardHiffi Till Auaja TiNk ?'3V|lJiMi tu filhwi^g£iwm.dyhJ4rtri LkM Amm Friandni^ 

UI VX Imf’EI I ^1 mii;i I I:L ifMi l^asn IH VV iMd (Wti- S^nkalpJiX /i^da lP3-;>. laWklJF JO- 
PuHifI TL Ufwt^l il.Mw 7jalihLri.iU KbIwV-^4$ >1 CdM^ |4TV. |.duru^ TLAaraiM^ K ^ 

■Jlam:r':4 4l.e.0BC«-^»Mfea(UXU»Fa^.P!l.aa!i>V:i.nlbwlCPIJ Arirrl^i-VA hhlc^ Ikvu 

W 1 

1-2T 


TKI'^-Pl. H1.KA™>' VEKSIOS 


FtFlIU^ 2KK lHltidA 
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uLa4T' rr hJi^Kerai^ rn^iH bSHr^dcd i in inc Lhraif 'ndLa^^^duA^ uhi ojl lul «r 

L^m: faii^raiih Ini srArii'lik^ iiufon ur i/kn umi^ die wnl L|uliri£iJ ilmJIci^ nOiDli.^^iiiiJ LIkit 

ur dD|fliJ^bi^AdV 'Aui'A^i ^bJ ^limlctiii uT luKh’. TIpj ui||I^iIhii ■ iMl ^‘knlitJ nippncilrq. 

Oiqm b«iinK •ii■4^n^lK-3J nell bcTm Ary lib fuin Uk: 'AiitLd'mM.^ 


mift. non- F'F' 



IKII'HK J Ttrcftiist- ol wmIi nm unfunny n -Ae iwuny 4r 

irvii44rRE. n9m\f4 ^ 4?l Ikv ini'-'^rary m^ip^nh m nm\ n^rw. ^wjil-nIp^^ 

^ L<iAh^i(Jh;i'ihri ABa44flKCi4C AiTi^fi^ I Yfv^fiiui. )lXi .VuaiuTy^M f ^ iirt Liy,\iw4iAM 

iMum bBAJ^mdu Irai AfncrdRlUli ^]9 □ h-'iuad Zieme U^H 3CPM Vtmk* ra^ifcimw^T W j; ro^ciiMTjVW 
Oige-iiun; 


"L. k feninn. 3. C'wkuv ^inn . mrliLC Hd.WiEt [^ipijiT 9«in«!i l!^!^ Ikiinw^ FMmnii" dUnli 

1 Vttn lBi«"4ihii FUbj m Pmmhu tml Anumn WRf K1 1*- ft'vJwipdfl. TT. TiamJ r«wGF 

bdiflriiun SwMri. I!4€-. T ^Ui The RiJhitm nJ 0 tpJw4m L^^i^-lKd'EHirr^'SMnwr. hUmbn. 

niT^JyuAig:;i'\i^mii ITI indHiAMnF DK rjiurhvTra^UdViKTtau «bl 

Lcjvdnjv-ij UMvn. 3HI 

tn/Wl ^v4>. ->lE^vq Ardvim^TifT Tktjtl^ P^nev'.'hiZ^^wiiiufi I^AT'.I 

Si#iTiaB i^K llwn TAi>^ Abx IjUAI^ Vpip lYa jg yi i hMUi l^r<4u buflou riuklu CCi TkMniH' nw£. hH? 

N. W UtinL-U Zl^i. ij 1'bvTm^L nd T J UrkJc-l^tKArer^. I'kv^ b* 

SMittti Uvng-li^iMif^ Ji^b aXS-IBEE Fr0iV«4^Ll BAKiAH ^MiCfifKI.I MT. Ka>4 prnn^ViMT^ 

"hi F F« nJ P ■.'■^na Bl‘]fTui.KKriin hefnmm nnpntiL nlmbh* ^ inki nJ Tckl £ 9 ^ 

:^M«ii>inari|)>Hi|£ri L Tm {i^ MURtn^- 

lAbma □ \^cmntrt£ ird Ijfituui h'awaa. OH K.'rwftimrf ot VMMwwm, 3«Z Ambi^k ■ 
bVf •’'FPavrijueOunkBdKfK'HhlerdDr'ta pdT Ebki^ & i,w i . i n. Bd Skuner TtJerli.'lLE^Tl TTc Idni 
lilwAri rfrwuiyj^jinciu e hrfu ihJ n^iMr¥f,Wiftf¥d RaaP^j n lii|wiM.n bjfanyrd, 

nl3 Uid& ^kiidr nl Kb KiwTHirKlacd bdKfjAovfTi mni ufcni Jbm^id L^'bnfriifid MisdEi nHcioM 
ir.lTr4W^ W»?|11d^ 

I'FU^PI =ia JLvVnm VRF15101^ 5-2S HKKi rJilim 
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cxT'uUb Milii rtn< luncnhv Jcj^rrui In Ai: iiilumi bL'Bsuoi ur 

tnene^rini to ill m IflOS vr mnl mvni jtw r'jilihli. 

Mivu: Muurbi <fw»Hf Ing IncWf iJm fliswil. blbkidifdL uhL^iinaL ii^nyHJitf . wd 

mJ1}lJ^^^^:Jl a^ilciun u>J 

WVRjCE l4iM#l5wtof-B«rd WBI>»-I MfiiH.'i'rt KnioflilSMffBt 

Knnkim 3IH 


PEr^PMHIJJC'ATKlS VETHSWS 


3-M 


Ki^nani- 1 AM- l-JiliiBi 
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UC bKMBFYi^VW, bf UKlaJ •fmMiK, 
1*TP-MM 

4m f W T* Au J ii 



WTTL GKHMEMntLoia 
TICiJHJ J-1 tsmim- iTid d^iPTifir^ ixLidor'ri defSHi^ tv 
Vv n v i rw Af Vf‘'n^ Mrt-n 

hk*w.lk|nM pivADiAAfiran^ 57Elil diUj uEiuM^Md E4c^pu^ uhA^h luMivd b 2UI. £ii inpAi ta ihk^DJOcr^ 
tv iVm iM p^tr. 


>]D 


PHU-PllBLK'ATMM "VISRiilUn 


Kit^njo? IQ» Edibn 
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A kijtini) i4>vJ irr^iwm m ^nfip+^nm. I **iU^ s^Msp- Mr« iwn 

ilihlf- VTVSri |W>, iH irf iMil ^ni'.MiMil lh|m TTMMn P|d. wi^r r^inhnJriH fnnrfin^i 

pulkr^E han lu-. hnn die i^ow in Lbe* pal, kil j relilirE -ieElin: in Uv -ecrM^lriErt, itTIc'!! rrJilEi andBaJei 
Di IIk Irir I^Cb bcni ici-ertoJ CnJ^ wmc JOQh.^ UidEnL fir kE r«K r=*i- Ote nmbrr uF 

dniiDnlQ- iV-tidoJi a tJtait>iljUE pniKilh lo-'ilr iNirJq uFiiMfmilintJ ^nlkailk iVkilkih ll 

SM4f-^1y n did docvml ihvi MTNfij. iriJeiv*AHMi- In wmi^. dr^lKtriiij. 

aid rMJFvTUl^ be rinctf^al tri die ea#TlPP^ mrilhdou *rfKHK rmm 

I'L^rnrlir^ nb itaflpJine ^ (I 'be [mun* rkj«clivd p In murun ^^Ei|LAn£, m niijar ehiJbnig^ w. ki 
Jsikrrriik' Iwa Itc^rtermr iL^icI diE irtLiuJinul alimkaJi aid ridJ ewnr^^ livj beri: djnnik: 
alulfaU Dj ditlci die i^i'ui^ina ^ kid.UinAdii di Um. 

ii£h^»4. ih incii'iL'Ii L-dncii ii duii^EiJ riLli>r>. Td^. LFveiE' ud 

prdf^ 4 M!:im- \<ir -KidtK^ Hid «£rHfiq.-mNjy b^ufcnt*- u he* m io <ir-m vi^k w fnl^ -algdtr-i I 
htflVriii Vih praia ertieh ■■ rw^^d K»r ikm In fYiKEMl in hqb %;knril di g.«fifnaa’, Inpirvrwln' 

a^ pTAuLadu dilTAdih’dr idul lIwbuIl'u r/esru^ in iFu ixHBCii tk ^umjl, did dMiwb In 
pnLk: b-cuurr in Im <!r luniEt IvpuAv Lai ivak uilU iK: iifiw akcnur vnr uF-juIIe^. rrbm ikiJoili 
Licjiri ID L^^iHil 4(1 diftudd'-c^iKliidmJiabi. 

^kralU dd dfdJMtfvit EdLMilkrfi li^ d 4(wAit hdi’a^iidJ M\Wz Ukil r ^\ Mr > H:dddiVik- 

piypm^Vi riM'-i4P-'-iidd>:i iw^’ w-h^di hi mkl4- IHiy WMtIy h4dd l¥ kAdoK ^ -^ii^ 

^jiibn in iha -paid fianLiihirb. 'fbe ||wd rwwv. b; Ihk mre ;?idtorkL jn bnw rrlYdrn^ iridp^ied Aaova 
lUTWiila aid nm dLdndi jje ii\Hka^ In eiiinJfiiiE lanuiLa Kk padLi T- 1 

Kor LhbT Abdimfci Vihu J? irnh b piiiii>i Kicii.T inJ apnocrir^^. lim ac firlJici sikaJIn^fCk 
IdirodUCfDf^' viKitt did FlUdlldil ia >rflcdlir:iiilt Fdbkf ■Aiil(-ElkiDi dd 

^ilMUIdfif- Ihd- liuddfdi W'MIKil^. hi lb » 4 Mdilhdy illd' diTi ^ oCWn^t hifJl^ gikliliri dlalEklh 
dniid il Hey m 'Ph **f\y rtyk'c >71 dMir Pfid^ren^uM Dxpdfi^fii^^ 

rScv»id diB nTdifluih aid ler^hv lei-flcr j^ufcuJ e mad p^ibudk: iltsK aidl pMidrki iTtiJ 

njq|ibj\niErdi. bViaa prfc>fM&.‘^ eui Iu Nmuiu ^ a ^jvraJ knl, nmi aluiJ. irfT^Bjm iiiJ .*kTid_iofD. 
uhmeu L'^ Fi.vIrr^Liak iJ"id Lkr dweAk' b:iaiT uiJ ni|pf>axiq^ jub mokA 4htiJua1c iiJuJcrla ac 
a^riKMiei- ly i p^^iL^d lYmrUidh ^IXiKkii tkj ^Il>^ Uift p^LH^Ii. ril Uk 

A(N^nld HD Hdllhdf <4'4C1IIIX-d -KbdbfiV pviCI'I^^ Li-dKrOAalP^ Hid m ibdrCMll^ BlIJiHky OF 

ih«ii wHh ih intit+dwii vna^. niEhrt^ iwinn. ym^nr, 

■lill lipkilk jj^einiA iIu^Lb uill wai in iniiiVnJlisc a^ -NLii drci nrl pis^porc I'rval^ 

bavai HaiJIv, il u honi? Iki rIu* lutcte in tchneE auJ ena^rujim^ lhai k ii La kbrp e^ viTih 
lie *1 H rm & ri nui}' ulh? fiiUk AAbciaii^diE bam ■^f cFIkdiie ITckiM nbic-li^^wH. 

mual'Q’iu (tfvirstfiiuiiL biJ iKl tiniiiin ul niHiKlil av «■ frtikil cc rt^niilnj 

ivt4 rdil[iint'U)J«fE> Il il 


'Knaal Sana h'HbMn CbcfeMi Lnrfam bunn a Seeu nJ trinHmd Firidi CHAnk^ rilA|B«TYi 2 iBk 
^■ H iW' .i K3F Yk SdilMDl ^rmr F'.aiJbkui. 2M!0 

^C-uiJ ••••~—^ — 1^1^ I’HnpkiH nJ Asuai Pdar 14^nbn l^c^j#^ Kkl Hn Tla 

■iVjwp.ilvl’OwlkU S^rkiCti'ltC C — ik l a ii hL^TdTa pd b-k nirTPTriJOTF4dKV vvJ AHp.« iik>ijl‘iJ^iekTikai^bi.bd{a 
Tka 1 Y^M'Pirn kaJrivPkiid FiaIjm u 3L n^x aunueu ean navezaai laB^ta aidfiLa prr|inr ak n 
rrdi^ dr nrvl<Fdmc rw^'!a'JTi'JwMiJL'n^4diunr¥k>«d ilrdnnpriliira 

^Kunl kAMB^ rand I Ainwiii Bb'i ^ ‘ nilr g»1 rip Lapnn^ AAovol.^a^ dTS^’taiiriBniha BiJJraauii nUS "V 
^Inta Wid ai^n DC kike^ Aevin* Krm -in} 

"d^CHfVir^ lirbkKi nckaahXi nc. hkiMd A^oaf rVdu, l^nMl KAAbUEi rcMsI 

;^DBiv^MDOfdH.'avTkc h.ipau A hifedvdafcif '^‘ idbijm DAL f^iiad An^mo t^rrm. 3Wj 

HK■PL'mJC-An>^'\FJt^hJ^: ^-Ai KJimavllKMiJibjii 
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Y^'^nr in; llu bff- L-S :-JiiJErti ir>m iib mutke bJ fTiijihufi^Y'‘Tk^ ik- bjI ipfhiV Laj be 

hrak-d in lu|k nuiilm- ^ liu- ^A4mjl in anJiL'j] kImcL. nbm nvuliiuiLf riiu Iuse hem !flf1 m 
•ieti-UJMt \kfffK MCM Ilira-lri Cv hllk-Y. Viliiuk it-ja «K-LJvd ^ilrqi did ]P9Cv. bi ihd- 

1990^ maty ^ diitiriT^hg sirahMdi ^xllEfed dn h'jrtJCf^c JinKtl^ iAdi •.-u^k^d-, luX-d Uk 

boomiiB dic^cfni-. '\'bm. m did'NJIh'k* •klliidd In ihr evt!- fin of dK pf<-Min •ki.:id('. wrio roi.urric^ ** 
icl^vj A ip^r piniMi a^'iki oirmn -if-wfifi ■wfm-- 'o h# 

LfldivH^d in fiJKiupiri '^ool In my. prri|ln!-:m m fifr^dvpH ind 4fipnwnns.pivi£rwi^ 
in ill'lirni hi|hh pjnng mir Bid V^a nvir llu [wmBin ^ik >^<ur Ibnun^Jy. ih* rww 
ilakdi .we 1.^ Lilii’Ert.-iir p^rmviEri reiidlaih cimfiwd ■Arib hTf^k in — 

inJ dKir prcH^di Mfm goni: In ^9(11 , ihu xIee'e 4riifi 1 rili^m iDTivn rm ihu LlnJaair kkUOfiJ R^im 
^pnJiliJii.'ir »Jik (ilwsr 754| iKhiJni.'kh iTBdiiaf uluoJ im Lbr ru^uiJ hiuilti wd ni^iruj'bi^ v^u J 1^ 
pos:^ iJiBi id IMR. 11 k< ||pt4j^ InJ ■Jn.HimJ 23*» ri Ac fi^ ic4ii G |rW ^ 

‘Tbrrc ii ^ill Bif4r mALU Fif L'unm ■l■J^i IIe Ildar. .% nunl^ uF cift>_<l Cu >cr i 

kii'etr^dTuF Ck- nudbcl ^TL'S-born iiucldic> ta M'lhC- iPJIY^iX-i 

Bf-iAiw- ^itddiL^ ihdnhHOf -H- u-diL iowd ui 1 ^iiHi'->! UTW^'otnlorL ilv- nfiMFi o:4ld luL-d aifh'idiy 

HTdlinj. to- Mod fiT » 0 ldnji!H dff# dH^llOOn-. 

11.^1, bVl^tr sift i H.ITV h S \* 

^lioKK Anvis m Ac cfu ufirrunnalkin. «n iU ILibfnI ion. mi«n Lk: -jpiHTlimlY Ln 

buikJ oil |nnuifl n«fk. The L'likd Hli^ ffUKiJ ■>J naijAnicd ill pvmrniEri.i: in hLirrirY: Bid 
ci^ncrmp In pjil hv crHbimiii^ ibr v^ua uF-jf>WM _nd b^ iKkmin^ rinksLi aid nr^nn.'hcn Foib 
ill p«jli ■jTLbr lACcld ldi .\jbdiici'a hluin. (^fcaiCA Itei dcSia 'hcni Ui^uJinnl. id'LMi^c. uiJ ArKJii:!ii 
riiHlLdfy ID prdLOlll Hi Fhilfn a-qMFilfi i^'kllllk iKtUnThKiOn ifd '¥s£iM\OSS llm i?Mli bo 

bMd in Iki- id liAli bdcFiab- ii'J dl^lUOfi- iTO dllMIti IMu iTpJ Adek MfliHLJlhhn Fn-Opll^d hXJl AdlF 
rHF-H9Fhlliy ind dkir <n>^niriH]i‘'» IkIf' pro«om lIm l"nrK4 -k iho> bi’-v m lFn piTi TTih- Iw boon 
*mi bv hiriBwint Ai w*onp* -Tiri miipwnpfi lo Nip = wrf^r kfwi™n »n<<^Ni'H»Jionp| 

•tknm. CLin ih« onpiH rrHLa 4^Cip|vin|. liPiNirfH vy Tii^pixti -fid ik dHAin^npi^ ^ 

FUc rum. i»fKBT¥v. irr pwAin^AiJ ?jit>e pid b jJinr in iKc df K^inAcr I ^iPi 

BcmiE liaicluiiujjrilv. will be nclI^iA.'T^ M bc<< and«c4jU a Ful hairpcr 1!^ nKOftana' 
cm^lili'.'nKB uiJ pTrepaiU' ^ ‘hLca 'rba nalridimi hiL'r lad Ac inrticnJMj craKqucw id* 
Akwii^^I; liirriciJ kre^n ilvJiaLi aid tsibulai bmi LmJr^lrrr Lii vnutL ibi^. lb ^abiifuk bi 
B iJdliiilkiul liMlLiKBilpjik KvilUiUclyr Lk* Ihkid ajtOitukh lupvmibfcr Hji dnr lOffaklkiPi hOi-nriTiH^ 
ctil.i'kni^nJ L^uHci ^ Ofprahji^ oaiomi iwlA nO i4J»a Furtta wT liaimmlimo. 


^iBKtaadl li rhctisd vd hi br^mn la^^Bm.ii.LhTE i pi^Bka hcn^ki bwiaKwi IUej n'iv 

kHnhMy74MZvFiW.4A M P FcUldrwd.vHLrA.TT I^Mdl .Wti^p P>4Adnn. K-iil 

'^MBUTil^BiM P'Kidiinc. riB^au Oudin ■ bade adB^fjwn^ L^i ri3VKb bcIlBckB Fa Firn^ 

Im fmp^Akrli 1^ iJ^^I? ^ri^ VA hrijunl icwirx hiuiAiiun. 'XA. 

**'fi PiawuindJ % tiPrir^ fhi'Mvta A:clA p S^wboui Hiui^^rigck* ha ibJ nifbua'' Piuniri^^Air 
9 nr«BB. Ytfa lA L^cb rdiu rTBU 4 e d hBf- WHW-nsbkn ns'pBi nLRBi.lljH-iJlZ Kr<iJLCI»l HF 

RnhMiO>jVd 'Mfiinll HMiOi SiTn TWfiCAf Of i^mvcuni h'C^iMriiT 

Tan'.ai Tfc'iA.rfu^ DC K^idbH .^Uidina FVu^ 3342 

^Ldkr Im he herdniji^ #■ bhac^A^'pJnrxi ta l ^ Uiu hi ' cf ■.'caimc LBiwULAjencx. la ^ j 7 !PJd. aiU 4 E d 
iwn rBiaVjia'fcliBMii ■v^wiMBrw.^irWOi^Til 

‘'^kBml J^caati li»niFBJ Jraiaz ar k iij nJ l^abo. UtT ManmJ Andsif l^m pf- H- 

?? 


.^12 


P\l\I^Fl'BLJC.\J10X \TISION 


FrbnBn- 2D0^ EJ^ho 
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4- I'j^mirm nf Lhfl Ritridirvii iin ' eLmimH J4[urij* Ad foure^ nt l^hiiEiJ B^rmiik^ lji fmi|rw3ii 
iL ihc [Inkod I^LmIci llid rdi^inci j Jcfvul export llcErc^ h c7cpa.loJ I^cotef l eukH ^iiiz 
mit.'drnLv jnd inJiedn C^ompuiK ihjBl kK* m ib irrifrmmJiiviiJ virrbriL rtf Adir HJiT^ 

kim anJ urm fiiih.' li.hof.^jjri<i jUfTdiJ hh' Tiini^ ijadiik pJiidfTTBi ind «dki^^ 'fnd Acir 
k-ctA l■u■pcmJ bv llu nev^ tiiALiim 

* l:}iT«>j«4 or ritw c#L<- 2 «m or^'^^Mhn-t hii urK’lMilk^l' Hlimrisuori (vtf d t*wk\ piAilKiihiri or 
HlUi liriTfiS -Cfdhcr^niMiJiil^l. '\%t FiW n\ti tifft bddi UY|]kiWin£d di'«h n^' 

d'liU'bU3 0l'u.|U1l9UlK-£vPirall4dlir<--Ud1kldll]- L'dtfM-4r>.»t>>okK4lril HiCOlIdh AITkiJiio 
i^MTliyn ** TV rc^iik c>N4d in fo \<fru rewiThfien-lo dron liM «4« of CHnoA intf iNlk 

mrwimdt itip«J£- l>ju 44'Kldnctfk' fil^mMaoA. 

likjifa ifTfrofL'Iu^ LirdJ unkirmnd [kr fviicLlaira Jie udvjb EibHiihaJ m Nilkmil 

hiKirilv IIrLihii IXr^isr 139 |*S^d)J^]390- im'i 1915 rAciifiK enJer il«Liiiiij. 

Lli£ ijmfdk'K Fica^d icMuiii. iuJL b Uid Lviidii.'CgJ ib uii^oaBlin nd Ukviluir^ aifujU ~lb Ui^ 
rbuHUiM -diODMI pOadiblt" be idriMViddil^ Vthzii fbalildiM. bi teA^4r>. [k ‘3tiilLri:il 

iTE'diiJibiii eIpmiU ic rifliBuJ LdHidliiliH]. '‘Hv inbulJ'Mi mib Lk ;^BnJ u|Mn Uk lviiJiaI lb irpsfllBi|S itf 
rhiti'd^ 'llMakij I!±^ij'i*eiiIiI ancui-li ditJ Bto rid l'^Mci^dd dUiMlJ -MbL-riTtf^ JLMiliL-i^'iri. b 

prOS'Ubd ril US. LUNIdK.'' Hld^ MSI>I>- 1 IM pdJi-V fdfiW^i. Ifi brid \lA ^Bdfi nivtfllniidd t>> 

KTriilB «^kLib or iV liivinil udibijihfirdknL^* 'h/1 ri. Ib hK: iJ iXJiik u-ilh liAdi ds^blj^iKMi 

i/iJ wrbc-rcoebi iiTfcnkM 


ihd- ijnind %m< doriinw? itw ■A^?rtd '9 ^n.’Tifidri KidfKV -fid cnpnddnnK 

dm^-hb. nr pKiiun ■ Ki^irdibetf hoA h> cvoUins.'nriikf'ftbEi- u lufM' ixti 2ri;)u-ii2 
Uo^iiiid •xir d<wrnK. milpur^'. ind ^ptiinl f*^in-k<ffiE ■li'pdfiA <]fi ■•'vinanMd «o<n«< UNd •MeweniE 
l>gp/bihp.itHnr1mfKi;i^air>ir*fu||HB4MllriKnn» '| tw tnM h4A Pi^rx^'ieMly ■» 

dfHlkiBK of -MKh m ihd ptri: 


■ Rmitii ■ &r 20A ettiIbt. vhc dckniiiinJ lu pnmi Jc Sfrur cdaLiJjLS] \a- dl. cnminn|; LpjpuLti^c AiJ 

r^tdV Tlt diE ^VTrl]l liiri rulliMnJ WuU IL 

+ IIhe^I LmIIo^ao^iN: ramniir'>^'aHrl ■■■.’iri]id4rw«iifmliinlil#af>d:4.fUNiiV3p4^ui£mri^' 

jciLsiJjfvi MK ihu I'nritkri pivrtn'jriKrvif^'.'. 

■ 1Tr S^hirl lAiilnlaii ainred ■ briiiBidl^miiMjii^lv h:rA*i: dtkLiiiiuri uiJ ancuL'fa. Ulr 

pulriVi-e vUhi:, alt bbdTi Lb Uib- th^ Kir dKodlpt. \(i irddh lO-iMil i&iHiiO± 


*ki UOT^ ri'f||_iMt ngikitJ Jind npmly bCMfka erindpidiVL~AdaJ imfif ^wldnl^'tfiiuv. 

kitiidEir hi EMVKi BilodhKi al man lie SDTM np«li'hKi»d«i4m«d ^p«ti The nhribBlipnfyiJ rq»ti 
BiJO^I ilimiinL'" i^Lv^i.ijnktftod hri iitfuicirtfT^.4^Ai7<ori rqfibJiCTB-Mbnn rRl1r.h"c.nijQ4 i/tR vnC? 
Hfivu Hun nud^ K bkr r^i buy JKikba 

'^C'cKlcr La- Stwi>cnJ hiovliul^kBfca 'hnrt^ ftEnhlK; htamriui ■iJ’lc L'cbMd d'Dkwriibc 

Rrm-fi DC C^S. Xn Md 

"Jft^auraJ rMvdi u.dirivd u.'bLU ikI H^KhUiunu nJ dw naiB irTuti^ ivdnrtf ni 

pvhhiiivd nJjhflrfibmd^ vihnde KKrioE mnnb'- ■■tfcrirji Ari Cm ^■j|jkLb>‘ nniAirdrmi dkIuiyh. 

H'>JijthN vnl (idhAvl li^JUib. k gf Mi A pb.hrii^'b* H Mnd 

ttoMvy JtmumiT ^LmumJ bamj^T^BUiui rnoMi I K fbpi. ’^1, IMS Arjcidrii B.tTfi .Vn uj hiiMiKdvTrAfl- 

bkil 

JJS 


^m^:-^l’Cll.lCAT^()^ vnsnw 


Fdmiarv EJk^Mi 
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i 1hi ^duM of Ihd ETii wnJcTBekjdrrmirvij'ulijnni. radalry ¥1 #iB I'i>HIb wmmd uilh 

die ^^1cnfTh.1:ri nikuav inHiraium J bjr raiv wllh iliruiliiB^ iJif Rivj^ru: •>r 

ihd indjBdri' 

Tikln'i dk^iaij^ci ur cva nurr iMTibr inJ kir -^nr^R ifian imv uT Lkc dulkro^jiot vhc hatr 
I iiafiiiiih il in itiF puA ILsuBik innnvalion, and Kmimk hKfnpclilim mk irrrUjwiiL:, and itu ndion^ 
^ciilkn iBlib4: Ihul of tuiv LiBfidiiijn, ■ aiil fsiuuJ on Uic ■nps^rls 1 ^:ti -sCili MiaiEC armJ 
nikqsiK. If iilc L'dlnJ SlMo u In njliEii ibi nJi^ in IIk i;n^ijle^i.|i4anJ IIlI ^^aenk 

umii aJiB, qudlv jaJ hi iruil Ui hnikfr u nen . LulUhDmJivi: uctimLaraJirif^ amm^ 

Uk anlijn diiJ Mirtaii «tir Lno^InJ^^^ucd niJimnv ^ n JiAv. uuktsf. uiJ cmmrnl jbJ ire nml 
Up h irai^N'. 


.^U 


!r«E-Ti::3IIICA1KlN hTHSiO^ 


K^^uan }U06liJilwii 
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^IKTIIOD 


l1ie-dKrii« lU'lht L'unmiitMf on hoi{imnEnlhf(jk4ijl L^ootHmy oftlM S3il Cwury' 
cimriilidcF. ■ Jnllni^ hiifa Juiiliiif .iiid c^iiihiTding hj mijiiirTKTiil In [hii ■odiim Rfmirii: :C=fn 
l^u CQA best >4rctii;thcti iIk qiuliiv ^ lib in i^nkiiiid our piospcrhy. our IkuIiIl our dso^urav. 
rhn (iirgHijr u ai £|^^«^v'leu. al'tlio CHTuniiHt''! nxrlhKl!. foroiinvinR jl il; hxomiTMndali^ni' 

Rif iJLTdirViii^ ilrpf^ il pn.'fMDuq Fur ^jjr impIcTii^afnliim di^^bTi S Jt i Jcnlifjj' Lhi: 

jommniro's lisr al'hJUun nenic. .^[Mndiic I: ie in HEtuvitoiE -of ilu L^nimiinoo'&uihKuiicMooEi. 
^rilipiofHtdirlioni mdivoif^ii^ .-Hppmdix T prv'EidH iKicnak I'oriho K>ll piogrom^ 
pnqKi^ ^ rii^o" ^ 

ITApni- 0 (kmuMjiq iiHic^biJd iar toinpituoii r>r dK- siudE'. iiiMiborE bKrjiurc 

ind one nudiiifi. sluditd IIh roEulu cd «hor r-jtjMrl piiKli. wd ooiri'Vriod fKu: ignyLco with 

LTp^rijK Ip K~ I J ^^K^IlPn. hlEll^ ^lIlkllJBjp, PIHWlJBm UP I TflTda-f^lP: PTiJ 

[UJiuiiil uJ bodteUiid i^uniy lo i«¥v± ur i tliei «]' iti^Limmcfvdiiiuibi 

I'hi'tooui. icrrupi. invilvinEO^'irUHidividiuloxpoiti^woio iskidlt idonliry. uEHtiui 

Ihcjr Fnp^: aruu, l|fc Ihfu^ rvcipfTTiTKniTljprp lJia;y ur^ iif fch^ "Fh* 

ndEu'kbooiuu'rru duiifliltix iIr LuiiimiiiEC'i dlbCUiiVldnodrioiMkiiidklLdiarE^ ThouiuMMc 

lu£r nm nnivHrous limti' vii ooabpjit;!' oill lo lolIrK- lu r'<i>:<iinwndiLioiiE is il ronsulltd unfa 
ulilitiiii)^| cypErl" Fiml npirdiniiKn ini-T^Jiirf f rtgiPiL-M r-upil inki^Eii^i »ihi Etimminw 
H>i^ll lili lE'lil il^Oirul'lllL bpHuiOlO^ niul 1 ^ |HrE'.jd^ Iih^LpI dliluOHI-OdakiriJ ud riiikinj [ll£ 

work] "niYl'. in ilio TEorli' arilioakiE I'ludiuB (hc- rTiipior ]}. 

KKVIKlft UJ' l.n KK.VrL HJ-'.AT^lJ HAfL'tlOMMJlTy:!: JtM KJMM J: 

l^rufw nKd.nif III p^iHa.pi, Ik: ninTTpillru inli,:rl a ::iirTfTlliliiin of Ike pm Jh odpeil 

LILtdiOE HM UlC- EOpIr^ U 11 llklh LO jddTha. .^fpitklix 1} prQvid^S itU^i: bpilijioidid -pdplf^ on 
lrrpk:i q>di ae H^:llKmilih:i. and i.o^hiK'loey odiK^lKn: lindinE andi 

pnplikilivjly, ifie rP^'ipinPunl iLr pvuivajHHi; apd i^ienue Jl|d L^kupk^ iiqim inKlimeil uiil 

luiiiLlnid ioounn'. 

Ilif ^mmillor ii^d Okoo Jutinnrnli ■» x nioan' 4o ravievr IIh urnfc. oF mpny 'HiKr 
ETiHgK $iifnf vi-cTP iniiidiiil wiibih aul ’I'tnikr'' inil r*lwi» worv Ww nkl™ EnniiK. isrudi ■: 
iTii dne rliiif^d by bmvir liniiior Jolni -CilMd, uIiil& piodu^ du- lopiin. Satiit^ Ir'i Tea 
Imd'for ‘Mniicniil ^.'ommiiiinn on MalhEniritki ind iioimoi Toiokaifi. for An lliJ ( (rtury 
ipriinthoTi M thflCoimdl iin<.'<inpEiilioflneM.^Ci*ikrT(iTSlnieiii;.ind Intsmilimpl Slndtn,^ 


' Si'lHd B. ?i«TtBn. Aj< 3 LIkjduilalMi i^iv A.vnyTiL'-'Emifrr^vp' Fkrraim LIS fuOBUvur 

' hEIES Ikivia^ r^vr I l4S]l,.-L^M^idlc ivlA. hunuoF Bonaii: kcKBDL ^]]QS 

I fi£t€rrli ± 7aa r-ak*.' A njpmj ijc-lw Vniip^^aBi ^ iVpIrivV • Vepwiiiwin m IHaHWnxun l&urtKpf 

?Jj! Cf*rvj. Qkni rronnoum Kijpijn v/Rhupijn. ec V'-S Dflwir(n oFEliKiiKn. SW 

’ ColjKi] un-CePiOUiBEnil. rwTuYjftwm'li. W^dlr^Ln. CC CMmioJ w li^M^inibonal. 3»S. 

' iTonr (sr ilnl^rmJ IrluTBjiauj SIuJxl CpiyvEOn *»%«■. 

-!~iub: fra- irc Irunmiml ^kldlK. IWA 


■d" I 


PRE-ftlBnCATSON VF.l!.3ION 


Folriiiry Jflftft £dNiim 
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]!u^uieu KuUiiJLihIt'.’ TosUvIIlt: i:a du: Hiiutt' uh' .tiixficd* Itaa iciOiL* Prib^ideifl'i Cuiuuil ul' 

.'^ipof^cd Sciinto jndM'«lwt}e^/>^li(inil l^oaryi' -ind oihtT N'Tlinrul .'tciudfmK'^ 

UTWTunllkcK. ■UL'h ■. l|iinc Vi-hKih pr 11 ^ 11 ^ 4 ] ^ ^4iiimr-^'Tfkjvi_,Air jhi ^^iFicj' 

FniuiAjLihr Uu^Hh ami ta tfm -T/rUri^ hYuArj 
“ aAA^rcidflgiearch <>lJim '»£» Ihi- 4’«Eatfhf' Jbd 

irTpij^ ^ Iilhifr '"h^ hn>: hn^iiTV 'W- fVP^" f^'Uf'PVi I'n ^ 

dikuuauj m Ihii n:|K^. Thim: uru li» ilium ITi iiiiniliim k:n:, btil llin rr lFLe J IhnHj^liLul llic 
r^pcKiiUdrui^lhim iidi-ndiiil Mootin' li^llx rj3<Mnt.'onuims4ijiiin|go4i (irlliiducilkOHn, Lht- 
Cwrtsil 1111 Ciiiip«1hiviiin«ip^. Iht Pniprfnlt'i' CniPKil pr.-UiiwiK Sshw* nndTwhriHnE'- 

Ihu '\BJi4¥iH| ^ibTlic F^ivd. und idhfT KiCim^l ■^liadcmloi ii-mndlccK fitmA wi'fvi. jnil iKc 

r«aouun lo m oiui >2 piMxJud 'A'iK iiiviliutilt' co die diMtiiuH<''i ikldMf umohu. 

inii cnmmillM cknM lo pioi idt a 'Nn ' ii i.'hiqtiir ^ftilainin^ nhtnulivt pijirrlv 
>tfi'w>v*t4.fpiiirvH m^nll''Vlvtl^«lg^l1r^EmplTT<^ ’luditii^ wi-'hiw^r^iiTTmKmfr.-iirfm^innpJ 
ix'vibUluiiiifc Vriili cXjicib Aiv^ fXdu^y-iiuJ<.fti. 

'JlM<ammiHi>:<xiniiiMjnunNriou] fjMiludm lo Run ■.hulKrundori^dinR.ofwhkh 
Filicki hidllM [TK^ [loIdkHl In mIhiAiv nili4''nidprQ^{Kiil>'. Foroioimpk. mfjiycflhe 

rciioiniimdtfi.'m. iiii K! II :ind higjicr iiduiiluHi icly 4iU lULiiaiilLd! liiHr iir kul 

pn^inis m iho lulionil lo^iol. Liu: ODnmittki: jIso umfuid ooairvi; ^tdtfil pro^uiu Tor hjihtf 
odnroli'in UTdcy^iKli pt^bcyihjl Viioft. wfll n on< pIku Hid^wjld[w4i0[ti3li) bit ipfdK'obld bi 
idhiT paibud'lLiL lluljnl InrrmeJruiliiri: 11ie omrrilL^c xlx' iJiiilluiL iilhcT jrnliim' L'rfKTiirTU.^:.^ In 
UliplMOdfflir|$ police' l^JCi^OL K laidVlLnHL 


imri'k rLU<»['Pij 


Hh Trim Ei^'Pi Cj yimiVTHd «xptn« n fiiM bninJ man — K- 13 (dwalkm. 

Ki^Jl^r iHjijcmJ kn, neiOTV-E' ™d. l^[pvA.i||y n^irch pnivyi 1 HU 11' u >-31 ind wiiryiiriM iiiiicft, ^il 

IlinVididd iCdliHiy. LkdUp lUMlfct^ Uelb Jlked Id kkfYlilV vykVd Ih: L'llllcd S^ltii dUI 
Hifkid>!lii1l}'OM|iodd. prvuiNr. andb-OHyiiiv infci;^Bk'iTTnimiil>'nrihd^?l9l mrtKy. 

'nwir«'«flnhi'li'jrr''i3n ‘?'3nfiWT*ilhflMTm#'<if(h« lilmitm-wjrvh-md-o ilh 
nixiniiiE^liCH'a^ jfilhinini diliB^ LviiiiiiilLiie iiiltrVkyLH \1iiie't1uii l-^t1iv^' 
noo^nmundiiikiwj and tJsp^elnema^c^^ ’Flint' KkcdThMl oil diicwiH cd ■ iiioAtnd roou 
£roup ytuion in ^'aihincLnn. DC' KAch'f'Kui Emsi-CnllpiiinE ihiiFi'ndincunFiw.pfioFenlodiiU 

Lifi llim pn^pincd n^-imimcikljllimi ki llu: eiinriTrlnn: ^L-mlmin^ jni In -lOKir 

ptwliL'ipjms. 


^ Ikiuioi UiwiidiL^ ^llaUTViBy. 1C idu^jn Lx: hiunoi liruididiA, jUOd. 

■ T«*' Fiiio««i't)f Rnw nt flmnim hiF^Mion. T*t C'hoi-Iff^f' tirmtn<-A lo^nt 

fifer’ ■A''t!Jil«niL 'DC. im 

Tic PtEuikrt'i CluiciurAikim m ^ib« ud Ta-tinku. lAuumuFlir hytlor^ iVwuKiiim fn^ulrm. 

k^ivl m in1'tE>^i:tfi Ludwulo^ nlt'iisificiUpuau Injivy 3ILH 

' bi«iml SoiHKt Bout fniivf laurfivdxtipv jpod. (MiJ .^lufiKU. I'tl bLnoret Sum 

' hfadi^rmJ E b.ju J i Cbmc^ .0 itv-jCri-Jil CrinAnr. 'iVb^mf^ I on, DC- NaiMMi^ tlwkDi. T^u. 

3I«^ 

■' Noiiml .-ludnnto FiMt ■Vitirtfim'W.jyiHyiitiiwijI Divitiw Frviti*? f^fP^Rrontf itAiiys m rfit 
CkiW 'A'udivy loL DC Ac^biT ^eb 

"* KadjmJ .-'mkinci jtirm-4dAr.irjTrh I'mC-uunLiym nbCKiCnTX LCrndn^oi DC bCdnxI Aomloiy 

PiKi.;irK 


rHE-rt.'DLIC.'CTTON VERSION 


4-2 
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aiDfTTKHIQM AND 


11ir C»ftuiiilli:c ilif-lfiiKl 11 ^ [}Ei] MiiK Ui:elvCiiJ ^id dsm h ■i'lnili^nlu: 

Uhiik ih: r<K«'j^up rKummcoduani ■» i ilnlini; ponL llu oomniillw ^velop<d I'^Hij kc}' 
ruciimmiiHiiliirm ^I^h:‘LiI 4 llmiii|^ m [h». rvpirTl^, ii hkHi il :tnJ ^ ^ilImhii In 

iiiipkiiienl llicm. [[ iccoj^oJ rKlui^ -fd* nl^n ix^r iu;j^l -M [imi.lt iil'lJir tew 

[QtdnnrwnikiliiinK 'IlKj'drc nimmarindlvi? !4>«cifK impkmenlin£ tcDcni-Drif dinuistd in 

ImlxiT kim:1lim uft}mt rcpirri 
Mihj I rpni 


ItMlBM Mliidii tni K 12 Kt^nin jad Mtlbni*lb 4 MunyikKL liKKisd 
nl h|,- L-^lv kr^rcn'mE. ft- I J wknw .srnl mklhyirvili# yiWiiinn 

NijKlai ihe i^rtds ihniuflh Mid KnfIntfihiKnHn'hi ^uvlun uid -i^mMllitfl Ihe- 

njlliin'^ Irmillllimil nifTiTTiilnt^l In ktn^lin^ bmk nimurch Ihml hmm. Ihm piilmnllml tn hr 

iTiUuliiiiiiuciflul to lUAincun ihj ri4vi' df ikm i J etu I'ut] Ac e^anuiri,', pMvith SMwilv. ind 
fnhinct- b <)UBlpiv of lil'o. 

I'r^liC 

B11J ubJ Erlshtrit b KtIhili' jnii h'a^brLTlni; EU^rr h'mJwalhia Mmkr llir E.Tra:d Am: 

nKrii jnrd;I^Y' xoilin^ m wboh to iUidy 4nd pMliorm iiHiSdMh 10 dm vre i.'oit dctit^kfL rMfun, 
md m-iin IIm h«l Nrd ftnEkkil Tlmkini^. Kif^li■l^ Mid t neinMi^ fm t^ithn tk I'nhid hlaKi 
util Idrnu^nnd l}k: imiirU 

Inof nMvtft Pir lnn«A Rihm. iHun Ihil Iht ( '■wed .Slilion b rncnnik plboe in b uprU Ip 

iifTK'^ iiil'clil ill JuiimLmmin i|.-tll‘iliEi iwA m mwmjrmLlijjiii^ irnul iiimrL:liii|^, mnd i.'Tiulr liigli- 

piyirtE jobs liiil ■re hisod an andvilian tiy niodenMiinii du- pecant s^sconL mJi^wi^ In. 
p«lki« Ip inoofinct innonistk* Mid Ihe Ipritkn of nwllinE rnrililiei in die United Sinbs 4nd 

namnl^ mJTiinlijIlb: InimJIlmiid .AlLsiajl 

Unless Ihe niUan has lJu sciiaioe md enRinoeriiq! avpefls md the recowies. Lo f^nenlp 
iKmv idM'. and unl«« il piKvimEES' Ihc IrNi'ilinn ef itKee idkii ihn.xjEh piilirHi thal odimop Iht 
iiifFjt Aun. nLl iii.miniRiJ. He Ttil oul Lunlinuc 1u prilEH^fs in mn ijje' Lirj}|ijliiJi.ej|[iHi. RmiIi 
reO'HTinKndjIipiiinepmeiili ■MMeleBKiKod'sn inhi4a[meiKloni?iisleBievieiiliilfbi'L'!i|)r«taTt>. 
^tmyof1tw4iimmil1<p'i.ppip*»^ilsrtk'(ii MtdiTiJEFW*ins'nli-MPhjnBJ’ in thy lpw 

hint'ic itufimme- mLitbAmjiliel alS emldtCiL J-'luidiTi^ HOmdil ide-jIK ilnd'm: Icdefi rHillitamliumL I'lP ejumU^ 

TuntKhul ifnoeeHvy. i-u hu- fwid.s. UicoonmijtDK helieiYitlK inivslmenls m small raiKkie 
Ip Ihy Tvlim the nsliun phi expert ■ Iho ymlinn of imu hiu)i-'J'i''lil> Jphs. inenwch m 

nuiidriiir hiuibeL stioH iliu iliriim;milmifc lyT reiuni lu Ctdeed dalprum: iiiivmuricin iriiei^iri:li 

is idton .td*e pr mcio (Tahles 2^1 Mid Thi eiammitlep fully rKpcikxi the erlnl domnndt 
pn ihy fpiorrl hiplpfl. hd ii IwHe'iy' ihfi I'y w prnhliTO. |ipy»>e. ih< ndain hs'.-i miFT pr^pimnJ 
linpIkMiCilm. tiM .'litteelCd Ijtid tfi: Odd jiU-njtJ hefOIII dliL AUi helaiytiy. Aj llii liiysain'iom 
dempnds H eirtiily ihpiikl he Eiven hi^ priorily. 


-■-.1 


Plil;■PlBL1CA^»:^^■ kRRSIdfi 


Fyld'ipry'MH'Hj Kdilinn 
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f.JiiTroMi 

'Hk £«iiniilliei: hi» hetm i:uu1j41h in ill miliiWot'MDiiniilion. Jhmriyir. Ihe-jviiLlbk 
inf^win h. in "nma in'lmvii>. ini^ifriti?!# fnr ihfl eijmmillfu'i In iwl^lilinn. ilw limilt^ 

L^ALli uiii: Co d±\t:lif [h: rirf»Tl|ID UE:^k Iciniillk: IliilC- O lTlhc LviiiiiillLi:^~± iL|'iO^ 

idiciiiifl ii iiuiltifUMkid^unltuiii ind^jKiiileiii >:v'eii irwidUMl ninc' vt'-ene' nculitslc:. 

drfinilivc Jiul^^ii nfminy i9su» ii- umpl;^ nocpniiblotn^dKincvruinli^imidYiTd. 

"Hti tuininimcnil^ViK in Ihii n-T™i cripcrj^mw, uipicniiu Yiiwn. jTid 

juJ|fjTv:ilLi -iirihc iHiiiunrtiLi. TTii^nilicT^ AIiIiik^Ii iIic ommAcc Ic.kJctx Ire^fn 

LFjddc^. irdiiin'. jnd tf nuKni udludin; i±^>:ul cumin anJ 1‘pniicd' iiiduiiU> dud 

ciCKUliYd lifrh'iirT. oitimil^ prcndcnl]. Tc««!>ichd9 LincIndiiTE Ihrtf binhil pmc v'inwnK uid 
Fc(mi<T pcd^kbiTli^ irTr^nifci ^h« «rnv of Ippici Hid pplkw' o^^>l[od in tfe r^niy ii an Inn^d 
Uiid f1 tILin hnjiHiAildL In auniililC u Liiiiiniinck: -nr^ Hmiiii^rw Prilli JiniClK nilacuii -mportiir m 
cjcfi. llH cammiliiM hu- Uicfc^diu nJkd iKnih' an ilM jud.^cddrHs of cocpcfii in Dm :luih''E I’iHnu 
groups, iddili'Hiilii.nndullJlidruwiUi cdhcf oicporu. and On: iuikI c«pcd rdCMVv«ra. 

Hm wnimnMniUi'pn* horcm ihrvU Iw ivbjoYioJ In- oi^niinninE tiJ 

rerrtKiiiCiil. b puCUuuLiri, Ak: xuiiiiiini^: criCwn^ck la^uUi ■:^ liUidHOH Co dC^iMU IIk cdlklBi^ 
utdi fOlidy eo^dlVilYhCi'idjiUulEk ICi iCidtijl^llk iiritburL'J M'Al: fvCij'lCcaalk jtfu\ C klk-UCCbtuL 

ni'ipj in^wlnM^L n1c:^' be liTHTiinud. Lf doL proATUic: ihpaldlK nodilled or diofipo^ frum Ihc 
piiTiriiliu 




Thf ninimi|i«>n«mniiHnffc'linn'-«ni Iho fi“dHwnl4 ^■li'^' 1h< nfi'oi "hiHitf i-ilw i^ 

U. b LO III IliC 2 Ian OCdby JIaI ki “Itbin^, 91 rhiliy, jiid anArtkHiC^ nA: CkMAIiii tllE Hiy 

sUidcnl L^suocdcdi rdpdcAissod'cdrocr 'VdiKskn, roscaiiclLaiKliiuii]ciUair''ixidd:HiiliLd if 
Ihc nnlicn s dc H>cy;cdd i> ptooidmE jotn fix ii ciliMni>'. 




PRU-Pt'DLJCATTWyi V|iRSH5N 


F*niirj- 3 (nM lidilrcoi 
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s 


Y\ ll.fJ' A< 1 H SHUl [,y ILEKKH A l AKK K-Jl STIE^ICE A^IS MAIimL^'I ICS 

iti]i'( An:H’;Ti>BrAnis nn^ihPiwu M e\ tiif jiuf Kvri'p^ j 

14;*U9 I'kAC'H KkK, I4 illl.l HlS MI?<l:K, 


BKinnnmlMliin A; \n\/v'^fi^ 3i-i i vfid 

moTfitTfaatfa ciliJiiinrmi. 

'n^ I 'A L^ilfrn Ilf piU^ diliki^ui mi*± by [hi: fiimUiilMi rur m 

Ihaiis IlIttilM ■ lllldt«J 1 [klli£> rud l^itllK. JITIMI^ [OlMF SUh|MA. II H thf: diy^UIVf irilCjkflUul 

JD'rE*' Ijf IIIH- WiTKJnTli; llul ufiH +i'>f pn<i'-'-*liiin JflJ jilhr fiiT pB HiilirviK 

]n I944i diiiiiiy Ih: IIiibI pliiu^ id' j ^>^bI Wir. hrMiiml Fruiklin 1^. llinjin cB 

Vbimiv LkBL his Wui llijusj diivvIdrofh'MnlilV'n^uviLrailw^'arMscI' [nihliciyilii:^ 

hivB^ III Aj Vi iih >L'tcnin: TK: |Er>jijL'aJ iilcmin uj IhmL frvnIiLTi fyf Uk iiiiiij ivr hrfim: lu, 

Uldd lhcli lie phMninda With [Ll xulVM vaiOd, bOklltvS idd dlllre- VI A lAllieh IVf hHVf UJ^d 
lhh 13 PC. n-i ^ivf If 1 fiilkr -ind mnw rnpMul rnipk^tiKnl Tid n fBfcr n™? friilW Jiff " 
hi Lli: liiundiu^ y-lbf , dUl di'lUIIA' Id IkVe Idkl hi;)IL dl'Lllie' iHlkhUdue dl IMilliTlL 

lilmiv ftc Mr ^iluMniL jM iL hU' hMonii- iiure«iBAl!i no-liuil « mlKniLidnil sludems ind 

lAiirko^ III full iiir Lru^'kd^ cii^fiiimv 

IlM liil. aPd ruimd dOBsUmebTi' fur uihuk anises, shMt- jnd Idu^auni djmi^. 
WhfKvl buif sf knlifK chilli- iraiwl pamcipild ellfactiiYb' i> n iiKrauinEl}' 

iKipf J lA iCiiAide uiJ kihiiuh'^V. WiUhmd d flniciiliiji^ iLmadilk: jiidl L'^^inaiiij^ Liii'iakDiil[i , 
S'OjnE nis nrM nKAH'.Tlid 1d driiiiri pf'hi hii -uidl Lh«y kdil u- rmitK'jlipn l» 

hiiciimi ihp n^Kl &i'kpiiim'=f>yisnii'i' "ml pipcbv“P= i,.m *Ubin' pf rypiflp n^Kml 
pniitkird. lidliiddi^AJiidrul ukl huPklddd uluiiv. licilUi ‘£111'. Ilk fuaviildd ol'ader;^', . *1: 
|P¥*:v»vpiKi(i ijf iIh mvihinrTHiTl. .inH thfl pwilh itw B?i*nnitj.|. ind>>HinE ili» fifiliiTii ‘ffyi?* 
].Eyin|^ j niiHLdim Ter E.Ki^rifluilIv liknir w-nAllin:! IhigiitH nilli -Ikviiliipn^ 
Md?uiKlmR h. 12 iddihifs in h'linid jot ni>diifii«ks.' .A hiRhiy guilitlid iatpt ar iMihm is a 
CT^liiTid iiiRifpminl ftf ilk: ^ii-’ClhiliJ I rH Fkhind Entiilivic.^ [fspfmumiTfc n iliiii:nl jL'hicL'^KMl 
lie Sdlilh hilkcd 1d bliltf dAlnlleilLT:. Ih: billdUlkii druh:h did IlhifUU^h Liimi ul' 
‘innknl. pidufioijEkiil ikills. mKiv^ivMl dhilili^. md mwir-lmE. nFfhinniilw' Iiit 
i.in11iiiIi]ip.edii:iCui.^ RjidcMcnL Imdlilii Vellii^ 1^ drv Ikp uuiviiiul uid 

pndtikm-idlvins: kkilli, itii ibiliLV lo iruKipeL iiiririndiida iTinimubeiii: vi hdi ituy kwiL did 


' 3qc. £■ i?j«plc. Ihe-O-km-EimiiiHui ri»lfffp,-il Advii ^tiw^iwitvr^rao Ar tiatfimil 

H'cvniaiiH ■pi.THoAuuli.i ixklicvrw Jijfd'ntkHT. A'BifeipEla, D£!. U 3 IA|uLikjl eT 

ldrai»y.3IU 

' Nn(2llld l.iB Bdlld .AP -PTSDOl Plh L Him 1 1(1. a|iw4>t Pivq*M C.*»ajm' BWim I^Mh I. 
J»l. l(l7“C\iBmi.. 

' HAml IbncBk'h CduMl Xkkfiniji A^.i iiE^ ^IJl'xviTdlldk^qflJaJhpnalii.i in^fl.ttrm' 

n dfAdalc. Wcdijirini [XC.. hbiieul .XkvkiiKi LAm 
PfiE-H 'Rl JCATIQW VTRKlOh' S- 1 


F^min. 200d. pjfiliin 
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illlim^ilV iri ifttrUfT mJcr^UiiiJin ilAid, L:x:lurK m: rik: li:^ Qj 

:iuiltfii [KhiintkuU't'. 

Tod^' lh<r! E Hidt ii ^rhiclily ^itli{i#d K-l] l«dKr< Ih^ mstiv -fif Ih; 

I Ji'I.riKJ i^ImhiI iliTtiKli"* haiif Iffird. nijaniirtiiJ nr uniijniiiibn^iiJ ^^■^ll^v^r. 

liilddl^ Ud hi^ kiJkHjI niidltr^dilitTi liAj bf^tciVJd- Oiik-lLfb Edurc llkcl): lliui itiA Uiik-hi 

iiulsiik Ihdr^nn rLnkbofffB^'CTiMc i'll A US- high Khoit ^hjiknl hutTU'^Ukflihiwdfr 

hdDGlHnchl UnEliih hi'atcKlKir'niih ■ drgrdcin biflidi hirijhnKa *>^1 ^hucn of-^rdhinE 

Lk-Hlinln u EcaMilkir whti ITkk a uKniiiilrii iri^'K. 

Tiudti pruhleiiis irt' i^ooipduid^d £hr«jii: ihjcmigtj in ihd Itching uarUbfin:. 
l^iO'Lhir^ nh'tk liitinn'i k L± 'le^lKn an k> rebn- <« htiit' du piritaian nwr 

LximinE no Itw rt i™i'« "chnn> -n ill nthjd to nil hdw^cn I 7 nUinn nirf 2,7 nillinn 

[irfailiuibi UiiC jMdiml.' ibriiil uK Attfi kL bil-tolk:^ Kid iiiililciritoliLk 

LlutnMnii.' 

Slp^fn*’ In I'iS I'phlb-N-hiHii lapriM bi Irarfrfpi’iJlh Nn Mpjiirnt- 
r'LTllllL-jlii_ Jil Ihr HurhjLnri TyiiE.hl. l'Nq-2!llHI 


1 iuv^na 

^TbL ' *> i 

i^ndu M-l J 



Wi 

MiFistMul 

Am 

>r. 

PhiKil wmK^ 

■JJ'i 

6?^ 

Dij'kiff-lriSr V.1BBB 

— 



— 

blU 


— 

67% 

l'1'>ir.d tdlK-tlFNl 

19^ 

ISS 


30C!R^ Nihu^-Ccftte tij- E^ilui rhhk’ Sl-tuwJ H'tMi&ia: 

f-^rvwiuar ^i.A^-cf^iaW'iWackMij^ rM^-J-Mjl'ib JW^LJIYL 1^ I,bjmj1iicil id'fuknlu]. 

mnj 


W( tKviJtonsviuil. fi'rth. hiJ rvtfin <7ini|laii li-13 If-iirlKr' i*hn rundjmfnhlly 
iiii^nJjind hiidiiEy. dKirnEfliy,. ph.M'to^. aiiEucring- niPlhipnulim '^11^ iriliiail IpA iif 
to:hrudd]y[]ttatodp<4(ll±MlJtol ’niUd SlMdL Ildp b^- Vtodd di/b^lly id [Udr K- I7dfalhid'illii±t 
md icbfiKt' milmk'lion rc>^' fkntcn irii mnr? Inuxnlinl IhNi Ihii if dhr T.lnil«4 bUI» it to 
ovnfKto 'WRn^iilly in ht illil ^firhio . 

Hil: OnPmlLd mi Pllx^f>CTill|^ id dki: lliLCddUirh rcixiniiL^li apPiLi^ ril'K-ll 

programs Oul ii budd dnKSIddmaddls, indluJing brimful iiKdKiVLS for miilton md sludjmc 


''Nhkiiii ctffa brldiKdUdri andiit {TfXKd Tit4< Elerfmay Kg iffordiiy Eoidtriia. Eliir. Stlodls. iViJ 
3ii»Gl DitokJli !ik-lujl Y-ar rklri i’^eojoJ pn-.'nu'b^CiM6i]lXibM7 pdf^' 

'' Mduul IL'jTiar (sg IflPKia Ihc^^E^ llind Icvlun Uidic Lhud lflaia.Di 

Smi-Tf VTEi IBFl^ TVrE*n(».i K": tJ! Gniwainiai Pimis Ompf. I9W .iniJiblf w 
tiV 4<0£rT‘j«tc9^]Fm2^p4r ^cr^wig 10 Du'nu cf LAcf a« 05. >:4 onKYiuuiKS ^ K-SS* 
iBA-hni ura- L}v 10 ivdl Vivy fiifi pjuJ l^-shdkiL AlJv k^ihf.jiJHk' bid, 

Lrj^h qfKnr^will he BlnhiA^ IT''^ MpccuJ rruoio'J ath ruihcrol' Icickcn bailiiof^ 

fvlriqi^l} hyl TMM rf UTW^T. Mir(¥ lypwnfi i^wJyfi FI p«P. »d»ri PfeJ-'MlI 

IAjJ MfiMiiiitajCb OpdFihU CiC UfAKfi Cv^pniMCir ^iJAinoJ LMfhtf3-4rilv4 kCilMd- M\\ llld^ 
nrtiiBC. vlh aimfub Lri^ (« 4rn Cran iMlcT’Mmka mJ ikMiixta NiU bonaa wJ k^^xr fv^ lloc 
Hif- tla |jiv.*nDa’rKfm>W Lln^anfsly 

P.«Mr<hComJ 2m fr\.D.t 

DC httifotmJ Awioiy fV-m 3)00. ApuUJr dChl^ -''h^ V knl 

PHF-PL:mJCA710S ^2 HHiruun Fikiin 
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uikS hf^ luT, uhJ TTKKO'iJtJt: ui^r^i=iii£:riC by, lELK-hixi, ilUdciiLi, inii ■Lrimudrklbn. 

'Ilif pnii.;rt(ii^ will d^jic- hvijd-t^Md imdenHC leiuknJi^ tW K.- 13 mididmiUL't inJ uifiM*'. 
ond niO rriivitk for ^T■^kul^ SinxHl for the kiiint il<[Tt] in Ihii [W'Mnnifnjdalion 

■Jitnild hiYf the hudic^ riiqrilv redtrel K^^'e^T■TH[Tl4] itnddtiM^ .H^1m^'■]'tdhilit> l4 

uimiiicl^ fVrr i|iLd'^' jp Ihi: fiiliiri: 

Hit' nt'dU: f4ii|HHed ti£iU:^il±3L^±]r0ilt[lUlr£lkeili au — llluM- ho liA: 

erctrin^i flu [uoKifiiidii uid Uhiue wbo twToiviK' ituili jnJ iikiihtniiiiiL't uud ent nAi^ 

ladcnii J\ty v/U nock 'Jlw rvfoninieidili'jrK catr ItK spemim nrK ll leiAen^ Bed K^iernl 
pnjBTiBB nra "wurnnKnihitl In InilnT ciA><:nli>wi fw diUn'ciil pnpiiliii'm’ torh K^i^m^iKLilinn 
hi^'j^windin.m^iinhk iihjfvlivw Al IIk limf. wv mn'l 

uikI LV^iJjdHcA bj c LH Jl KvidMi^ b limi^ in K- I 2 di^llicabJlitTi :jjkl uiiMue tibJL^^liiiii. 

In pinkuldf, A bcfiBf undjenrundin^ df iiihic o^ltoiis tjji lu uLm [» dbiiid ohildnjn flKia 
Hfcifliis:. milhtchjlicx. Jhil ceebulagy 'Hdul J he iiHt'ul Bfl«i^iii,;^iiliu£«diiexih[ul [tfo^nnis. 
Ihn fM ni;linn iltm^ fncua tm K- 1 2 hKher ddiuHlkm nnd Ercrn^ioml 

iLiL'Liliiprruiil. iifi: ikuy^lLil lu- [^vc iiLn+ iiKnic. EiEdlwinidici. XKt lucInH'hip 

ILKlumj 11‘lliJ ncicn^ md luhrKkifjy rduiidriii'n pnni'Bh: leiihliiium^ 

prdlAjAitieil fle^Blo(Mii±>i fdr diur-eiu lA^L-kn Ml fa ihd>u Bdunej did pd^±tAiu IhMU 
ucfanolniiy Hctor jdtn » ihdy p^nin imTlLry in Kiienoi Bel mxhemibes uid Ihe- in-.^n: In leiKh 
dk»4 -md prntidi t^nnlinuine ediKKim Inr iwhinl IdJthtn in siDiii £-13 in lluy toji 

B?»i:h iimi-ieJIy '■lii:ntdl 'wnen mil •ir'lhcni^ii:>- viwmi- ^ flnn ipinnir-nF 

ui'^iii.'tilcdiuUpjiLi'in; I3kk:heifi«flkj| UdiTEii -iil-dkinyfUliuOlilEjIKU iil'diAdU 
OieilEtediiOdCkUUl ^Kzttdld^. 


' ilHHd'^^rMiki' ■m- niieiMld ma imai .^bub. Jfli eunpk ii pre-dettn rLflovBd by 

h'^omcEtTV. fKE-imkiiu adcmkilui Tbc 3>TfcTmmlic ip|n&ii Li? tJuibm rriEvrn 
«!l{*mj(»lt)d WlW|l. •ftlWH BVl rt«po fctlTJUMUl fVS¥lHL«)^p«'BTPi'wrft{ Ipgphtr Inippi ►fc«r 
BilHU £fc. rm'BlUtTHc- SHdlAlMI E^tlllMDtVHtpiieiiiidtMflldr. diU.«HTd l«dErU.'j rbdE«« 
.yrruinisdf JBadii Jh!W P^rE^mrArpa^Ja .SEfaaalr sndljyimdB. A-YximUEd 
hnp •‘vn tfdl ixi£.'r4i''mwinHi^np(*i'VnnHylH psr 

Kit£iin'^l(.'ATIUN S? Fehnury 3W6 >:diii«i 
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ll-’.UlitflNyUK III !L|il Ml>l>t« 

Ai^lk4l A- I. AnhUill^ hnMlC I4.l4i ‘vnMCv IfciLfciliiritei Uvchcr^ l|fi iTA ihdlrii 4- 
jixir vliilirifcip jniJ rihvreKr nidacilmK lU ■d.UiBi mlaALlflui puhik niiktfwn iji^ilciii ttimiL 
uifw-4 Ji \hpa lU.UOOiiiruurtMsi i>3JI^^Aijiijie>Li>Lhe ihfjhutfprotiftEiutcridi wm.A 
T'MTipiJlilh'f irttnlf pJ^j- pni^ppn will ^Ihwv (airfii. m^1i^■■Jl<i ihiJkn*! to fJin 

In ild Iliuh^uil£:< U':A CTjiUlUVtd. ilTiltdlf^Inn Lb 

k, IIcuttrimi]iL> wl s£i4no< le^hm 


LLfMilil rnkT iM 7rii||-un li i.if iirin^ wv.'^il roach ^ nwiiiiJ 

kLiliLrilu^k^ nrup i» S^OIHI pc^ i-jr rmiiutr uid l|^iUIci] tiluMUHJdl csqpeLAkCi. Antf dk 
i^'otild tf an 4 k taser Ly'-icddciiiK nwr.' Cach 'Khcdinliir ikoiiJd cury i iiynr 

pfBj.jj3ilLiilL' LXkiiniiliiiciil III IcakLh v Bi puhik: iLhiHd ^ 

I'd prdvkli to i|uiJii'i cdiKiucii rof Aidcnii uiia ^Hl. la hedomt- itdtlwfK. ■ it 

impnlNTl la -iw^rd ompdilh a midviiiid. cml'^ afSI Brilltn pir yiotr. t» h< milL'lKkd ofi * smo- 

luTHHic hull, Hir 5i |icm To hc^ 1*00 uiii^’crxdici ajiU ucilkf^ cxJlUeJi iiilc^jl^iJ ^^na- 

iindcTRrxkiaM IhiJ Ic^d ec> bichilcf^'' dwi!^ in F^iicnl ind hfe h'kiKHs 

nHi|Hmito«n. f iiMipulfr airf «»rijn<aTinE wiHi ^wrtrrfipf^yimnan “ Tp fluMriy. >wirrw*. 

lii;Ti^li^gf|i'. M^lfictiili^ uAd iiuLJi^illdih:ii il^ iliilldkji'uM' U'lA 

cd^KiTlko I? fk'i^kp ^cbv cduETfIkn jni ccriilicii'kfi r?ett * w '■^ C'?fikfi1 

nLKrtvTfi ml »rfijul-^:^^i|\: ^iIuiJhhi ip Al'tM ikpvImtfnLq iijui uim^ itfTcr ^flh- 

qiijliiy sti^uch ijid OMfouj^h sta^n^ LD [k use ofiifihL'diiLPriJJ leikiulD^Ki. 

t'nlki^n- pr Mni'-YTNtk^ ujiftni^ i^ripii^liiin d^itfrinKnl^ pr *4iiHih •;p*4d wjih 

Jcpirlnunti xl iiCkiHiv unlL^ci iir uinviaiilui 

uE-ll'Pr^F^iJ^ corps 4(fKiikn- is cewrii vt iIk iks'idkpnKni of l lilonio -cfudiHiJ 

pf^ilrirvn ^ ^ liis \iJliifii4 C cnl^ .•^fTurTji:i'i|: Fu^ni^ wiaf livnjiJLv ifKTTr.4 l|ia 

IH't^ih'c cITcu-l of hcncT Ic^Jkiilli. I'm >JiHJnil ilAicKciTiciP Hir Cndix lur Wmi i^likK tiV 


^Tncihr eiLekIuvi puifwa v«JJ br 4 jfon m^nlui Erir^ pmb. A tirtC-jm criiExy 

Lie fn^i^n Nifjy bv -d^itk rtri -^-Yai aUolnbrip, vhik'ilHteii-arxnri n live KsmJ ir ■xad^jufelxaic 
bun nrnjhj N Inr liwu j^an 

'^iriiy titK4«»NprKi(wn ckr up uni ■ht Jot * mvih ■fijvmHN.'tHy uwU hf fi'lBaMan i«r<^ * 
^uej p>nu)ii dttitTT'KhdhnlEp 

‘‘"UK- ETiuanryuJ iMvdki^ddd^ niKfuif; (nu1t^ jv-iiiMpinptuMd.k w aK4F.-iJU Mia IaJ iJttnndJ 
pnbmi pjdi D inacrmLink rt^ffiai ic rMnlrilPK runLAm. 1 j icrljibidir ■UtmJ i«utn Ad!4k> 
piiiu ihI p«UK-fTwM£ EtnoflB KuiJ ikiMiiiMin LimJ tfcn?rn^E iKaixviDiidbc Eli^iiiE Ja 

Danpfira rir4nvii.E 

" 'Npricnfi^ K#i^r(ti C«k»I. i-firrarn^ iP-HCh {W Miur t m 

iMf T-n^Ly^. '^Vr-llVIM. DC htaUMil iVideflred Pieu HCC 
' ' }{ ilmni Fm* Ttu bqi ml Ann i KiAimt J\nv Fl'lu^ A^rffar r .h A joL' rrakAu^ jfrw/i m ^ FAli.ri 

htv Vink HCTtf . IliiMi ^kr iJe-IH. FI Hit, B ll-wm nJ □ L BjI liiTEniiriB^wn riiiH-i^ia4 
fcrvTvM^ InriEsctf^^ai lEjJLra i^y^iinai .H^4rT£ai lETI^KA 

PTlfrfliDUCA'mH VUJiSWN 3-H F*n«rb- IMW Emai 
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Ttiubif;'' ilui Lh n>Hi lEhin Mid |H>w<itU predkiff *£ >ujdui. tLHiItvmiw l;i 

rjiclKK uni iiulbauJjL-^ lik Un: ufl^tm ubi Ti~:ic fiih iinlidicd luJ luJ il ku1 j 

ludnilor'i liff^TTk: m ihc hiiljaibf Izuj^. I'cs^n irUi urrtdl. cxpixliK, Uiir nfHxli u ill 

dtkl'. un(kn«rxl Hw ■Imclurj of llwir Ilm'T'liiM^ '9‘i lnn toinhiMO 'ywctnii^" fw *0 ™jrfc 
Dk^' tKiBi. Ae- Mi£»weiiii Aet tM- lo iiudflii rr-ofrou. indiho 4 |m«kmil die) tik m dM 

eluinMii.''' The um>:UHiein i<. edieioki^ Ocric hidiet^ ii oiiyiie)' M-di ifcM heeiuie du) ufe 
libfasft' III pfepve ■dem^cmlk' ctirTgid±n.i diiicntn 

S-inwoflhe niiii>n'i1opT(«TThmK«'prip' nm l<J*)i?ftlnpw-i!. lopr;Twii p«ttfrtof 
higtili.' dLiU^ lehlid^. 1W4 ID puu.idM' Iwne dim^hiped miwolkio phierni-' Lhil ^«ibiBe 
uukip^iuluj'k ■. ucnoe, DjlIuuIu^. ciii^Krr^lt w iiiilbmtfH.'x ViidJi 'pd^u;;)' 

fikud hHi jrmJ kMdier i.'dirfijdmn. 

ITiKki-pfri^mn S'i(n?M. 'W’t4d^?'*ol5i™nf biMnnl 

fidetktj ii*heQiiwrili)'orTouf.ii .^hm. leeruEP-ltoai uiD04i£itH UHcf uf>£?r(!'iiikuio 
hliuhn; Mrl. iiL^^nieijL'h MimJciIbi lAhO uhfxmi j juiuH le It^jL gii m anliil ul'lJia 

fmijpBi ITT-.PieJiii hu fhicn In iiLTCuc tkc iimfhir nf lukruc in^ In^cn M 

[jTduiiw o.'Hd Mh Jepieep in r i^itnoo or nriidiiiiili';*' pp udll ip MKhdr owlifi^nkn 
FrDgrdBi dnroTkei bve KAT KorM- ibcyre itw DLvried forilK- uniid>«3''^ (.'cEd^e ol 
^lUll'id Si'MML'dk hdie lll^ llOuil jilddl^dL uld de A^iDud III die d^ce pro^nui dJ 

rrmifu iJiui hvlcp Ik: nie nr-rdtcr hJiKijili in Ihd efdiL:^ S- |bj [rTnndi km i. 

mmcril)' dnirpproS '"■ilh IffPp-mi'-w'ity'-iiid# 

Uch viw ’Ae F>(0[f im BTDdiHM] obom 7d ilidonn ^ho Erie ledctinE (onilk>nk)n -uid 
buLlubjni' de^piEi In -JumiLr) . piihkiii, oempuln' Ijiekj^h, -m mndicTrullin Sdidk^n 

ro:eivn idrvfi^ pnelieil i^luilJiin and g::^lh:uin^ maliirin^ Eifugiiillyu duuiliaj InTMfEiA 
in iIh ellMTTHWTI. nn Ihil inpTBMd- PlTpdivino* ipH pnHinilM jveJ^dMCfiil edfiilirwi pi 
ueetKf^ .')i ■!» [I>M1I k Figure J^l, ITd^ifk Budiijv^ hdoe dcup diviipItnuT tfviundinfc iIk:)' 
kihiii lilijm? ni^^ plifirnli id. kiinnifle iii^by. leid diey liHen hdk kp lu: ikIA leiitipddl^ k? 
ii^ruve xlutLTd uJudvendaL The LTiSPch cdp^irienLic ih«pk llinl an dTeilTi-r idioJmkJp 
[dTi£r«i nw9l tpp OHided v ilh o Irvhn' edpenkdi jiinGrpni 1M. ii iiiorepluiB'indi pllntliuf hi 
iMdentp. T1 k piO£n«'] ndKi elkelivid kmIs ae lIw Udd duperKKe cuddHi Idr llm<h'tdr 
iMddiPb Uhl Uid uie urnruMer uielui’s ti, iheir bifUfilMdi 

^itwlin^ uilh die Lienvid. vuarL ih: in-emrjHi I Irrhem^ edT Cjlirrvnii ^IC) 

^il(m fHTd' il’ t^lifiwnii hwti [mfipp?. -h-ItiA. (n J»|i», Andd ppiiiiio r iftediuipi hithf)' 
qiuJitVdd uidKe uid millKibdKprf leochon <idh ’.ided.'’ Cilir'iiiiik T«uh pm'ided dveiy li'ltM 
lAuJnC n T}mz Lutei h iUi u ufpfjsrrteiih Lu octii| Jdk tk: S-TI1M iiiiju Ani 
lnaiin|, in i 4-^ xv pro^un 3'liHv m Ik: pfufpvn, xliJiiaJi uirL [uid L*!k*jviim Hiiibrl^: in 
ikrnfT^^ rod oiHrtji p^rvji, MipaTvio^ fix' rruriiK ifnrJl in H^njrum 

iiMA^i uiAaief viMtrifi ird pwkipiid in L{>-4e«L bMTiDKr iniiiiiiKi » Ik It iIku 

Rif l^o.'kai^ ui 'k ^iftf'^ili^ Hli^duiLk Ffufn Llui>u|Jh94JI ike U^'i-n’M^ &‘iiil^iii wi 

liu CiU’cnu TchIi Trkhulbd'uiijriJi cmijiLk k:E -cair^^ llni^h iIk jwiin ves' 


"L Ltab^STwmJ ^iW^viJ'JI^K'liAvmim^ •>! AkTTtt Vvk 

’Cntti Cm LMTeWitEv iliPJbi^. il 

’■'hrii 

” htamri pywFf-hCPfwl \A4nv ivui Pipin^^ nyhujwa IK- 

AiiiMiy-ii hnf 

'' lirm noBv^ioi njvoviri Inwi ■ initarfiv^ui Iwv^ hmJu CiJtaw kb mnirui^ evDin 

PRF-M^RGJCAnirM vyRirirhSi s-j Fdiruirx :i}i>^tJiiiiBi ' 
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piftacififie ifl. irdaoiLc*. UCi^ui Dit^cs iim oumpk, ju^l bofl i 

mdiiiif ihpi woriM opm to r 1 iij«Tii> md InnirT "Q ^iiu'h^ 

A 1 »ck inrljlult, fluioili uid ■ftoiltrillhaH' fr^ UL'p lh«« wkK iw vnmi^ diJ muls' 
™:TOf^ '(hn^i P'lld^HTitC* (!J dT'«|ijp >:»»“ ■i'‘#if '■»?«■ pf i¥J!=liisi n»*ilpvl' mfl 

anvmclw Ak will br bn.' tht Umvcfwj}' pri.'llifnniL itbcvirion friUnn f^r w bry 

vluiinibi uj fucuhv lu^n^ihnil mii&ilifii uj h^IntcIwTicjn IIm Hi^ SlludkiAi ilrvdiip diM 

p^jtfpfcoi UuL even tidily wilJ be reqiurst et'Leuhen lo beennK ‘leelJtlAd by d jauul 

^luJniLj W|k 3 i^nii|itelL’ IhL iiulili^ iuisiVr'£^,D 00 idHlkretliiu 

Uolh IbeUrciet] indC^bbtmu'TeKhiirrofiJiini.pnnvIeDcminuBn nPpreendia- 
ecevjee LLdebef ^tludoipi. trid ^udeeiiMdJ ^elj^ievin liki MdUirfieiJ enhueta adJ iLl 3 uedetu|M 
HIV eeiKiiJ ibr i^tairui; the rnofl iBJmmli indnduili in {vodeenni. C^ifbnui 'Pnich oIk 

m|l jvTTvi Jji dw intiim willi ]i lifgy-tnjy yi^wirMid b ilynv vindi ylmiDiLi L^bHlyr 

pnipuntion in nKubeiTKlive IWiAKitiny'flwiinnEI^nlicd'ficlprppmierDijnlihr'^ntntiv 

W. 1 II 'Udd.fijf-ei, die I'liulliy iAsi'b:i.- uni □iuAi£ddl..:i 


1 . 

■j: 


M- 


J- 


-I- 


I'- 


<ll 


StiKicittei miiiinrii'iLi'LL^I fi’ir 

.Mk-'iHifUirv ff'rtitii-fttii)ii iu 

lllbltlLH'lLLIlfU'.^ ulul Jif 1. T 

Aubtiii 



w 


33 


;i:i 


4 lt 4 :L| 



Vi'rtr 

TIOIJRE S-l-pn rK^rr#r>df 4 be *mf4Ky ^ctiirq. ?f rtifieitiTfi in mKijfffinfccp ind 

hueu:-r H LTT, Aiuba 

&OfJ>i€E Lf^rikv Eiid Sw U<kirl Mb>>i of CTTfii^ IwIhf^A StwfuH EthrwwV ». DOM 


^'Tbr h^widj^tifiiiEr&D dn anpat n -ifnnR^ifi Fn^j9~ni Cv HiD K-lZnvhfr 

rt^nd Hcicnh L'vB^.^'Td.Yif A 

MoftnuAzj ix^ W^njim SC: NhhbI AcskuKi \'na. 3 m 

Fii}=-H.'RiinAni:]itj vfii! 1 k >}9 . 1 -^ p^num^ jikje f^Uiihi 


uTmoa 


LTT-Hth Hnrri 


!!- kh r.T^liJlt UlilluW' C:rtfulUlli^ qilddV d ikkli±gr-><liii]C' Id [lid ttU, 

iliidml Kli^iiiai Bwlpcrl'orm'incci:tni|>j[iiid 'nilh allmidcmat.lTiK'^iTiivcf Tcku. .'\ujlin 
Coll^fic Df VdlunI SiTMnfi? 

A^JHI X Iriiwmriinn hivdTvi Ihml hon UichHl ktnW ^IrfMcIi Lo-S^tmil dud WId 


!-7 


ruH-HruiJCJAmn^' vkhkhjw 


Fcbrilin' 2IHH lidihuil 
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' .mi AMJI-liuN J Jitt IIKItW 

[SHFnti?ir: im sN Filin' oav 

.V.lkiti A-!. iMvilllhcri iFk 4illh iirJ5i]l,f 40 lEK-kii't llii nrik billilu ilid fdUC^lin pi^iuliih al 
lorotiff iMiflliuiov Ki [itaiiiH''T pDfluroA iiiil I* AdLann-d Fhc-trorMiAF^ aprf loitf hi«h>nil 

ILu^-alurL-alE -jlBj Irilnliq iir-af^jrrrH. E.Bi^IIE]IL jKl^hbUt^l ^^X:ll>paALaC dkkl^k E04ldl lili 

)4r«ni;phdn rlK iblte of 0^4 3 JU.UHJ -^umnl [Tulh<niiLics ind i^TkfKO Kuim. M lh4>' NiLii loo 

lew in die pruAiiiim 'llu fuiir-pirl pm^ani EnierTT^Hadai liy du: Lixuiilj -hf 

Mjmmer .BSuMtiL (I) mulff’jp dt^c- pot^onK in scKni;'e uid mjUumuiM. Irdinirui fcr 
plKciiKat *d htarnrivviij 1bccdliiirMl4 iMclKn. -ind C'lii divflofinHni Afi 
I VuliUCdUV iitlHjiidJ K.~fc3 Miinite ju'id iiidIklli'EiliL-h Evia:ijHii. 

^Ti'r neij b> nimeh all k-1 1 aiid mjlheiiialbii ■ill p~iiiia^ dun Vi ilh 

hiflh-quiJiL^ iiominmi;} pnkHKdial ddi.'tflDpniefll dptomaiLKi sptcirU'ill;? Ihcru Aol 

mphurcH rui'fm'fnrThnl'ediK'iilbion. I lish-MUpJlti''. zuidErrl-dH^vn |xe>rn«i'Hial dEvHi.i(i[TniTl 

liii^ u i^iiPhiartl EjIbi^L I'rO ^liJdc 1 ll j'Kid'imtiaiCt:, FuOjiniLulV IAHe^ ui^iiinil4d lA A OLuiiuinii 
pnclKd. svir-loiiiE n*?TvkrinE- wJ hi^-qmlil^' 4irrkulH' ■uldruli.' 

AlHiid lIHf iiflhiE .1 ^ijliiin ^ paiL-id^ -pririk.-tiiip unan^ ^d 

iiiEd£<4diid£ ui mUldd ud hiph iidlMolf Die No (.lild Le It lichind .Wn n.A)uiiut ill ol'ilKiii id 
pTliviFTtE re in imfcKvnal okipmEnl. and aa m'»1 kMIe*- pF^ftniiiml |n[¥iiart 
ulriiady ki rei^uTTuI lu- iiuiiilan lL~^liiii^ miLvIuLi. I'lndiiiji fia Liiiiliiium^ uiuLi^Hn iiiiu 

opnif£ trom ilu ^'4 Child l.iidl iJehiiid an>rM)riiL»n uid from Ihd sIilos 

Ak llir niodlu iiF pni^rrn*. huh iMU^iiifil, bujl Imiicn nfiirC E^C 'luricJ in 

uflponuiVlKti^ tkit liilii'iiili^^-ddLl^fiCMI. T1U:;i ifeu- Lviiipl»lil llul II II •diltfiLllJl \ii LiluV. ■A^iuh 
presrom'-ire'nnrthwWhi-jnrin-hkhaiv imilo-'mlt Tid dii^nrikKloA Ika olrijA'I'Cirihi' 
■nplEnli^lidiOO ilhdiun li li^ idlnLify uULiilaridiii^ pro^ljiEi []Ed iOr^u^L duillEii uiiJI 

pedb^kdl ikiOiv »peoii^' riir ih«o ti l» fiiloi' die prol'iiEsicA «ikf diiiHit. O'lr i 

ipq*., lli«H£ pix'ifj/anips iMuU pcuA all mjildL uiil Vgh mMJicTTralicK and 

ii:Kni:-e. >'LinlurTugix!. of teH leiKlien iiwof qujlil^d. i^jti bt ^iin-ulrii iikr-Mr^ 

flninnid lewir^ wHhoul ranrmait iIk hidedool oiillmv dud tuxrl^' dinniEvi Iht (onriTit 'll' 

pa y- Fi I r- 1 ICT fi 1 1 mMi ue . 


'' D. K CohfliiivIK C HiU lOmntiilpohhiidflwioowiiMironiirua Th nrtuiHimrriimi u 
CcldHni ntfil¥i:CoUjaMreEif 1 IQr 3 >:!«aO U' H Min 4 .C M(Kn^ R. 7 . Hruiv. ^ D 

E. Wliv Tlie llnu^l ■iiinEaliii WhAiicee iiitf be k* Fipdr preitiiEdij. he 3449 aAeuI HMiat oC h 

.aMBfiTi ^Ijriinl liTiJuiil Rdoi^ OnaKi. £^idlaic riOjdvTTnf 

JEnaarji. .'itnJba M icx. iMia'ifdmlaip: 3ifir }Vw^cii far a 4Ara Irtlinann lOwhrpE-e DC- rbarnl 

AsainiiElAam. 30 OI,naiiff^ n ■- 1 i^jadtaErl'ii^aiuiiai aid<nAdiauLi^ rAuinMl 

■-IlhiVfi'iriiWrWHIVErtA'KIija-SAfikhivIl Aa^qisi. IVtUByin. IX !iJmk» 1 | .inPajHlf PrMl. 

I«T. 

'* In kS{IO-3j40. [tc IrteiE yeu fir Irliiiii ke hare fljim aFliielAd mrHiET bF pi^K K-13 Lruhni. 141 JODO 
La^FfiacmrE (niukrai hokaiT. rhyaOi udehcnidjyj aaij IrioAJ^Iaiafl nlbcnaiD 

PP H.-PC^g.lCADH'IH VFHfiiniN S-K Hehnisy IFHM HJiliim 




203 


Li I 111 I A >2 Puri I;: SuHiiiET ]hiljlLjl-f» 

Eli ihK Uni uhfikiiklilAllira LfJlki^ iIr: rcL-oiiiiiBa^ i LuiiJlKr cdlJLiIlMi 

[mi^m fnr dnnmifin i;:irii |.'iijr Mnkhn^ irraU he p^irkri j -rfiir- 

liK'ftu Mui 1^ injn -uid KEKniJ siBHiief nililmH 1 d jnd pni.vit' I ' lo 

KuifBfl. The CTfucIciJ fcJ^il invotiaenl per puiLipjrrl ^ dbiiLi ^1 ,']3U per rreek, iiuclihdng 

pinx'Qyiiiil ilip^nA. uhich ui^iid r< uiivrdd ^ IkjI Kho4t dtnrins. 

SlUkliCr Ibliailh ulhXiJ IckilUai d/jUltiUd- M J htfvt- tuiltd 

in iTriH* l-ma il Ita^ lindc- tlit oftm i:oiiKmil.f '^nraciry" IIie NnrioniJ SdWTKV 
Fd>iilililliJd Oisn ilMItil llUkLlI^ U:iC\ni xtflllUUi Irt I 9!^. hL-fi Ld' iileijiddly 

Iniim^ pcnjinrul m idioilirK ind Ik’uiniL'al HdLdi Kuitk iruniiurT^Y gd^'ldi3]|.^ In IIk 
^S'K Mdlh old I'dOJIdf^Tk^l' te^ lllildiy;; iUJIdi lilddr A IldW IHyj^ndL TfiAJlur 

[nhliliiL:i HitIIk 21iI 

then id i pHliiivlirlv 'drdKiE n«4d lcir<ldnMnt][>' uid mi ddb hlkiol Ishdidf^ to ludv t 

ikicp^r n iLmst^ijikl rMBllidiiiliL>-^ k-lsiy :^^hiI lIbIAvii hy.iLiiiilK^v 

dH^mB^dlrqmbiminEKiHw^jndmillMnHlidd htcMW cl'1lH'irl«^KlHn''liEkdf 
[tfdjMI'dliud. M In uXflc ul Lltdr Uui.lidni'' ^knlilll liV idiiiAdl: ixAl nWiLkfVUlM. Ill 

nuiTk' eeHikH lyrhnHk n<^ icim^v il 4 II i' tniifhl fnv mid#f KkEi?l 

TeddlldlV dAk in: Uul 11dT|UII1ddl in Kli'll UidllEd' hU-d linlt ndbM in bArnidnie bn 

LmViicdij^ mil hkilli Llmi^h proTi^nv^nd JcvcIi^kiiI. Nn Ctiikl I xfl l^1m J in^uiiuiiLiiLi, 

lKyw«wr. mi: e kfiind kaihe » did E^ieiii^ in 3HiT. llenKruO' AihMl idubf s bi ttoi 

InjiHii^ HIM ill ^uiv Juui odMikrKc; dKV Kcd Uj »:c ihsi irldiiHhipt. IkIw£::ii malliniiiJu^ 

HiddK Kimnid: nni. TiKnl inpiimf il''A^'!ini1i>*i]n(t'yii?i'nG-miidd.ll>n> n^ddlwiMf^'In 

lillcpdi: iif^jnnJkjiL iltu^ Jcklplliui k ilnfrt, aft Imik-'ik nccil C? Ik >:inilll^dlv TkerJe miij 

"dimw 

Hid' ^Idnik Ibnuuid- lix EVildfKd- titJddljddl ^MlSIilr' K JA Ukidn'Kd' pmlXiKHUl 
ikwiiltiiviiiJnl fir K-h> iwitupd idaMiFtMil ii I'W.H iriih a |ri-yi|x'':iHniinidTTl fr^n 

MxilIi R 4.VHiifuiio. ikn uuflsivdd 5‘^i<4r cour>< cxnbinidi' niuliip>:'y<ir >dmndr iii<iinuK^ n 

lii^lin-biH^d ■L'iuM.i: lulimfkai llxjl n Coal lu-jCilr uid nduiiiil illijiAaiki lAidi Di-iilmunHn] 

liillou.4(i ind ndinl'nim^irial llnm iitfiiailMr » Jib. MliiK jIk> pnH'dN- iiirndulum niilnnds- 
uid kuiiln.^ Ill 4t:B i£f . Th: Limul |iuflh:l|LU^ kt F . li CLudi»:i in. khirilk Jkzndy aiij 
Ffnn^lfpnid i^iif KhEkti In-ill.alrvl iJii>Oi('.>:h»rdhp''Tp ■Fn1i^T**flin'ttwprd'*n^ 


^ttawer^r nncnH.ii lliin rc|l*E* VI Bflnaiirty udn diprjHi Imrui gf n nndudicn 

ihi i^nml EI*=n(.^fl*Tiiffl'. 'm™*! « vta i.’rridniij cf Mniwj:ip wm-iHipinid vii FunJ 
FivndMiav. (d iiHippK p td I 'TdidfMCd cfTHittnpfAW Ajowntdij ijw Hmin^'flr'viKvi 
*Fi«livt<lr iviniti'bv i.lu wnimpE idvMPhn iV KhwE-KHnoi ‘d^Klxi'^wn » 'J«il7id niHuXT n 
Ap kdd liViik c-iHn tX’ dKPVEM odKlilMl ptnmHl hJii'fcy.«MWK' mam . Ix]^ h dKllx Mhri 
Ixdlirw pdntd dJinEtK- JFkvl MhhiI SdtnM-TiwdniOh'Hfpon riri.«kiidf iMiiiri vdidd(<niiMd Iv 
iwj rcf ix widw ipapui liiiriid Hi MkiHVia yitpridiMnr* ‘irwu miind^vvni 

iiwilvictw H' w rn>Nm Qidpj nd njh jjo»iiH.n»c*imxi cf rV acdHst-af iljdrftid 

KMKXl4tl4>ni 

" TIx^ ddcavkiK dr«dC4dw OKiArBOF IbiP^'oThiCtxiPdiKVPtri nnpuKni.r« xtrt: w A dKpdnHKdi 
ibVdrddPHi4xpwiFi'iiid'fH'KHi>>!i''Ki Aipffi HMtai' «nm ldH»kdtd md nmoiixiil iilh » ihg n^T 
texw -ntpMMHdkd mHlKHd ktJtf'iLn'fitii 'bikb' 

“ MndMl HdMak'li CdUldiL Kmn PjSH-.MTc.lkMni.'d OWik Jti J'4VIVX<t«f'£JPVv><V<J'fiidHdrrJi'unMiir 
Tlw Jk-kuV AiHdl V'ldilddl. DC MbMl AdAd^ lYdat IW 

° Jdip.-k InAiliKd Pm di.-iciKd- EJlM.aljijTi I^MtSFl AiiiikUc II blV nol ijT|^'dlix.Amka..Dr 
ret^HL'lll.IC.'klUJN VtjqS.H.lfi 3^9 lkPfUir>- SOm. tdHiill 
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A^lvi^bby ui-ifOciAil-ivdlJibir ^LUHt Uim &ii]iL:inkufic*:1tct^ v^hi fiMmi..l|iiij^iii hCIS-T: 

rno4«i;in^]| [k^lelt>If»^pf^'l[^'^^^^t kasl J'^>^u?‘^7tu1lildly ':<irtp<rr>i[nicd IIkk 4 uhnv.' 

ItidL-hcni ]!uAa:lfUjE:ii Kjt m ycir -id- ku.^ 

I iicijl MJhL pr^inui k^'e rv^id^ i pniimv rii tu^li -koitL ^t^tirur 

iTwikfubik' Mirf nKini^liiinil Iri'iillirfllw 

dUifiLai AdAd bMidlij a* ttdd di llTlfMl:l^A[VMilU cn birinj iud rk:Li'uucrc -if 
kdfhtn uKI ddiiinisirildnk dJ^]Cflllilll^» fct irulnuLKirdl niHdruli, chmi^s in bau' 

l^cficr:! -rdtBa^v^H jrfd a^TllllllnL in idu L|a;>nKfTli uJ[;TTur^il indBucliimil iig^nt i^rvi^'iaf 
dty eldpnumcd'rKU'disirkl-Ti'idt'icituM uidihi kycfigi[|^>}t'^idV:iiil 

nddiliorul (-dtfnil nnowm ia: scij^kic ediKKXHi prdffim ^LlS!E dlici lus kipsd l» 1^ 
wjy v Ijic ucjliim uf xLdIciA’HL KimiiL -jiiTbrtl Bjid p'ldcuiiiiiiJ ikvdiipnicTil 

EljBdv4h 

-Similw 4b MCSE- in il' rbcui- bn ibidn^e bduinliin ii Ihf ^^sphinElm $^e 

]^kloBlicp uAi E-jIbLidiul SLliaEtL UliiHl Ikpui in 

I 'B'kh d 'bilibEk planmnE in^lHuu lb cbbrdindlf' ilnndmK ^'W1K^^9. ind b^’dJiulibn 
mnrv -pwiN^flf kw'-'i; ^i:"i >inc¥ tfi-fn, »iiJ n™' I j I B;hnH ijijlrvl'. «nn>llmE miw llwn 

ul'Wii^kipda't Eiiibide^ uie ix VLduiiu dcT impd^iTiifniln j on diijuin -kMd idkn» 

pn’Enm' 

III ^015, Kliiciijnof qi I|k .^ih ^.uJr il'ki^k pniliiin cJihc Wahin^'m .^un-Jsinail iiT 

Hoidefii L<ifu^ r^'.-'^lal.^ Vi'iU BKauj^ obd cumftTMd mill i£-iKh£f poflifipjiicii in [..HSliK. 

I^nw^' »TiinE ^ finHjnp wxa j rvIdkmJlip K^U'iUn pfrir^uJiinil lidv^irfirTf^Til 

i^biiiij Q:u^31 hiJ flu pLaujnlA|jc iif iliJilciili Tfucliny flu HJicnLu HliiiiLinJ I'm du: lllD4l Ei^n 
(rirnr^ L^EE ctasi^Dmprji.'lii.'eshihinR^d ijK:rcmcrull:i alii i^' hid mur 

ihan RO liiiLEi Ilf pniH5C4iiD:j| ilijvulif ^ikiiI^ Ld fwiiL, nwrc liriinuliL' iliilbi Ei> iiii|UE^-l>uiJ 
iii^tlkHii lAwilVhl. 


^(Imanu^ Ebr in '9^ 4 ^i^jaynn Ad rjurj^ilir^-U^ 

i!k'i#4;'-^r-Ai4i4CH. P.^' CFFE. Unifmr^ cf Rivdih^iii. 2002 .\V'dilijhk»r 

Ht .'VAV ptlf Mitica MISS A'lta i:-MA4d n 1995. Ail’d ru i^iil-Aidd ilid Ale 

■HnnlA n kefec m hnvflwiB>A Men* Jtney. viIxte MIS prepKi irar beu^^ TIk ^HkTof 
uaon cm dim IcBcrEicibwm ^W 0 i la uicuc in ek¥idWv EfaKiimu nd^mnrd limi Lhcn 

vmm tMVf KVfig riiMf^ arMISTTi iCMAai junpy ^f7\\[ Ipa luii a^TlV^flg ita rt; 

pipYiTiinu danci'WiA iw«um Prvtu [u Iw^ywrib ^lofYUfUi.'iidii i^hn trin ’tfi T^lil 

ll¥4fHIK(Kl tfd E^iKd lT1HS5Mlff>i>itf1 tA^ilKHTid II ? ■0'3 IA4l ’fiHTdiirKI^ 

TIsklHibRn L'l'ClIib^itiUd'pvqb.i KUEE lUni-ctrAiJ CfTiH Md'.bnJ iIbIA nWiiUiJ liblcrt 

* rcrfcKTUT EJMoAf«.RcFjrYi (U^Ellj^E^in And^lcil 
hlf-.VWwT VAtubuz 

* li^ri" II I la rJ* vurTvIai JpruM hy atiEti KiKria.ifkJ ■lkIou pm ifywnw iJm tif rinr^viTliJ 

IfdiTAPflfliVdftdfT^ittld Ift tf^TWli hAfn KlflW El 

tAitOt. icudir *aki SiK; FlidWdhCMdlL .SaLwuJ Ei^Ku/ii^ gfa ffi brJi DC 

KdjRaJAofJm^ hL4i. I9A5 

PH>:-FrRf.lCATHWVFJ!3.im 3-lft r.^»iiiry 2£H)6 Dd*im 
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F^uCL-ajniBl h^Tli^iiEiiL 


I'lGl^KU yi 47i'^lTiT>Hl9{i4KtiinTKr«w'w4m Kti#' eitmuI w '; mk 4. rtw<4^4r 

ploi tlHWii 4< PP tfidw; {icuL piv4<>^Ai ith^irodiMi hw p<f IW'Huft'fiM' prr^HM ’i-^ta 
IwfM « <k iMcrKn ol Jiti STAltn'MH uc4{ Ai In ipnnfi jnoMI t>.'(iv-NWI wn Hw iwrunHaP 
i>i Kutknn aln ii4i ih^ 'n'l^.^']. vmiirtt. Ivk nfm^nn- » Kt>c>rl. 'ItHn > g ir-ilud iik[«jm In iIh 
IHngnr-vf c( ^Ip^nwi nwiiR|.llw>[?[i4?[4'Hi|HFi;<iridiiM[Krt^t> Hi* Ih r^ni 

rKWi4 4Aig|fiTfiid 4^gr lu(tm> nHiEi*iL g v'niiul nl' |iFrtgpEijing| 4«vM|i]ign(ni. glihnt^ ilw 

iiyifl pntnl ■■ IK* ((ur^ ■•'^uJKrf ? JIIH* Iv Ilrii llipiiri uiihna KWV 1 " dja^nnrMfi'l 

»|1 ihf ^IH]j- In Ih^ fm^nvjrvgi O^Elr^mml nC ifv I^EE^icn liudcrn 

The i*blim4iip lictTr«n frr^nJmaj dcrElr^rrEnl jwl iIuIet^ xhicLTmEi^ lulA-Evn jI'Iet aJJialacnbi 
fir Ike irdlKn'^ of pcncnLi|^ nr.duJaiLjE eM^Ie fir frs ind rcdiuJ-pfiEr liMiEho. and I'nrihE 
p!>?E7f^E aj -kaim 

SDURCi. [X S(4dL D iVdntf. ^ P. D FiMb raaftaEtAin £ten iJSER - f'\^kub^d^jbVb {ta prEfrimiu;' 


S-l I 


PUP-THW.H’-'kTi™ VFSSTOM 


pEhniniy fOM- pjjftifn 
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Ik ako c-ui ht L4F^eJ I'ix •.loctBuini; oducaliMi itiL 12 

ICKtv.TI. Thcl^HH^iXy ^initi: TEiuhtT T^irLMjiHul l\:vLkf?Tncnl pni|^;:mi wjj liy 

ItK Ol!(l« of in dw IhpirlnMni of l-ntfc lK)L) L4 a cndre of raiundinE ■iKidIc' 

■ ptl KiEh i^h«'l Jnd lf»;h<p> wTih uiH Kfiv^ pa. l^nflarK in il>iir isv*! jnH 

n^lpMUI itJLhirML-onimuuKL.^' 'IbiaUjfiihiE J-iiifirpiojfim. eiit/bli^ long.-K[iH, 

TV'ljljmdifpa lailli [)OF. mcnlirr :wi Icacfiinp Ta^furK :rv ^apndlaLl -hi 

li Ica1 A iJ irfh -^IIk: Df li^jiJ'khiEri diiiui^ fh: filiJ )i'Etu bJ iJ In^ 1 ^-eEKj jI 
oiKicf^ lilvh^lnmt fwocKhcd^ >^n ■Afrdinl If Mh'h -■ p>Ti|rHn u-ini^ua^d Inma Lwo 
ViBhi^B Fiub aiadi iiPU'ie I !iJ(HW uAihjI ikAiE-L. id Llx- cwii]uy •ytit J ID-yiar fcaiud. lAvUi 
UiKJ Lci£hcn CKfe yedf u-duld Ik- brouet* ^ ihd l7 DiXi libonJorKS. tEiemully nKhiu * 

]-yi:ar r^adv iAiIe lEia:fh:rK 1b: SriuiLi: and k.-laJhcmMaji Fdia:aij>.ai Tual Fuauc iif Ihr 

SKTicla) of l:wnn' .ddaiHf]- y wd ii- mnenlly [vau^inE hA i 

'Ifct'Kpikn»f.‘ljninniliwi™l S|wt¥ ■'VEbwiiEiriiii,in(Sr\SAJ-j|inlnp -'wo*H?ili£Ml 
-piLi^iiii uliiku liKui li 10 "aijpiK Jill tnoiivjio iiihldrni lo [iuibih EoaiMrE in idloiioo. 
-hn^nnkify. apipi^rBE. and milkoKllh:'' |l aigpiilth in Khnada ahn 

-fEdAMir^lEi III iildiwlii J EiidL-ddifiO laid jidillO iiU1i^l4i HTifibi. NAK A~ii ^rv^miiM ruilii un 

iihTMiintofcnKnlH^ mid Hocndiri-'c^cnlkin ponkipidion in [>fO£Fini^: 4[f)v)h'in£ 

hi^icT-yi&iildiiil L-diubilhy Id lE-a.'A^O. lOtAruliO.;^ , ■cii^iBci'i^ uid iiiUhi^dJki dbnlipluhib, 
incrciiinR pmiLipwkon undciroprowfiud jnd undauTEMd ooaiiiiunrii«: oxpuidiBA O' 
■Eihuliiiii, and iii^ndin^ iSiARA'i -pailMirfuliim h hfi Je ^'irmal-ddiaialiim LHiuinunby ATn.'n|i 

its anr-ilioj for Itj^hon^ Ad sludi'nii- eio iumincr Kidomioi- k iB fliRli I'-Hiton- Ad 

unrliaJirpi. ^ 


■\Bfan A-I Ftpf T. fHitmtf mt MUtuMfla Maiftf i yiwm 


1b ■w.inJfknHnlod'fhk »fi(il™(nl^kO'!if1iiwiwwJd.il¥Tin:li IiBHinw l-ysar 

-AzffHt gulled by dio nOU:^ Of ^iOHL-c jiiL M^i'idtrLbJ ClJ.urkill^ h llh Ihc 

oalloRiis df iditdiM.'i Jl ilK ution's iomikIi uni^icmties. <[Bjiio« ftw oduciUon ind ikilli of 

■jivTEin TniUJr laid hi^ ai-hiHil uiiciiin. iiiadiixiBiaa, and b>-'lindufgv UiaL-hcn aa xi [daiir 
lailh UIIW 4 . mmlKnulicL Mid oni^Komij ihi^iKE i^lu docii? » piiniM Itikhimi ciBor iipiHi 
p^iialiiip ilf lalET in rildF ejfwt 

Ik akiMdr'i lb MMn^o odiuoiioii poi^jiB I'Kknullod Bor -oiiA ipooillo (told) vi outd uko 
pljEE dvar d fidf-lirno iiiiiMian p|iai a^miB lauhaTiA ilianuE Ik ncadomiv year in -Eianuj. 
^bjllEiliallia-. Hid lOiBjiOk^V ^diaialauii fur i -ia i 0.0i Lcai-hOn. Qli^ llir OTkiiai: df f y-Ebi, h iluuU 
oiduDH Iho odikrtt-km Mid ^Hn- of y>JAf> oiironl af imrf . mudKmniEi-. -ind »chiK 4 ic 


^ US IltjMmMriiirijiiofe' OfTk ofSoiHp.'-O'. onuo-ofni'coklbM [>nH0(i*i±< rorlobbn bJ Sudniiu 
“LafctaMEOi EEmrTEidn- hubBrnl CkruTREM Aivm AbuaJ LSTPD ” ArwliU? k 

-lami EEdEtoKr-foc par^Ed-U-Tr&dicad kai 
USE l>c|mjbiETO.affaar|y "Skomy of fju^ Adrmy UezM. SE-jbEoaoriton ' AriikblE aj 
nap inanna aaMi aiz^ 0aa>aii'bEaiaiBiaa Imii 

' MASA %:iap|iai- pi AIA Fj*a^nfl'PrppMT> ■FOtf'l-7 I. )«>* Avalpw* II 
^ 'V4J0HKM u« ^-'tdpro(nnvoaotii(ia'>iida tml 

i'eii.?L i!lLU.AfiuN ^ tkKiO.'d J. |2 l ohnuMV HHit Iklhi A 


207 


liliruilU^ jil J Ihtili lix |U\ l^iiCi d lUiUh' All MllLiuJ 

diilriilik 

TtJ IrnyilcTTk-'rll An ailifi, Ihc miiiiillloc niLTHiiiimii^ iKmJ llir F^JctiI y.iiiA:rnirtcnl 

111‘^/i'idr I WQ lA jC-jiiciiik- UiiiVcrHilib (I •M fttr Uir lil>ilil|i 'h'l 4-3 

nro^-imn iTi nullMmiLics. bolcw.chtnij^. phy^ici, iMiAirM<TnnA,^u[npB(!rsfKn£c.4r 

iriifxr^'^ wkiH-v Fiir* Kil»l iir'W-;i'Tiii»4iii'i-T<niiiMv^Jfr»nl" ipiii^iwit ‘IV pii;|{r*npi 

Wotdii riluH iHi LiHilcnl i-iliii-jiiiiii ^id nid Hiiiilil LfaA pmtiiL ■h<.'l:£<«iHnii k Jki^^ 

£Bd £4tlllllU«b£'UllLllkMI rdf JKdfiKjnUltIV 3U inStfV'ifd HUdA: Hiding U^ImI UhliMM Jfld 

IFu pni[pm 'a rrmlcT Incbcpi ' TtiHikl |nu~i^ kk^Tidiip in Aujr ^'w^n djidini±:: fur :ill 
Uif [H'OijI'uiij likludtd. Ill thu ledAnunAAdiiiiAn 'Min' uutild 1 m ivMinur^ la imv£ dAlIt^ 
KradHlf^ldachinE iniSMir kIkkH} Hid rcrthe mtny li«[> iMffuirfnl kdchtnuhnuipuliJ 
w^kicxiK ilw ^T*t™iMfiily Ici iTCT-prk ih»T 'killi lhriHi[;h Fwnin<r iiFtili'hi' ijr «4wlinn 4" 

iMuddk: ikF ui‘ lEI lA-jLlitn ihL-AP 11^ liiaL-faLTi. TuuJk^ih V£hM.wtt|ilrik: llh: |nLi^iijiii iliAuld 

tdddr-]ll!i lufliled iiKnoi'ii: aqMniir of ’Stlk.'mD eanuilt' fef up [» J ppiviikid Ihil 
lhf>'Kiniii>in Iht clasirwin-indfnBaEf iiiltnchinckijdci^ipHliviliis.^ ilniMlfK f-jtar 
Mini[ hid htain vniLhol, LciLlian dw pi italic nsdiirreil -LTTlifkidkn ilir In-haih Kjin ilidn^ iiITd' a 
llbuuid] toniu. 

SLinlfnl] Itom hesHTPmlfKhtniihclura TtPHiR dPiikiil kiKwkdgd md iNdijUKkal 

■ kjllk- ^ L'ndfuliin^ly, ri| pi -tviiairflain ulid hiiKnix and rKHlhdmalK:! jrrpn^ ki^ linimd Eht: 

hAiidi. Ik iMii iminip; ta ifiiditn. SaiMilidkiia. m u Lmiun dm iiiifki^ iihJ co ciav 
lwpsx ii-ilh iImit dtKinlinei. Mulff*! dc^-tp prpj^ioiE. puliLulail)^ Ihpu -ttiiphuixiii^ donkac 
kiKmlrfEi*- ktwlwpiiipiljirf Jntl pn'viik i*LvkinEki»^lKiff-ltK n=r1tH 

The TA*:tMf liiLlimiA id Ulf ul' Pt:nid\.>1 li^'a IliilUOl ul' .IIE. afij 

!ki:iefi£« jnJ (.irjditat' iklMol dl'Jidikiiioii '‘it * n^iMU prp;riuii ditt ntn^ niidiUt- Add hl^ 
idKifl l^dicn. Evhl) pfr'^nlpflk^dikalkfi ii-ina pirlicip^vik'] xifntrlidip^iplinf 

ul S^l^i-ihnuciil II ill jK:ilA^ilj(\. mpliiduiii^ Lk HeLwiilAfy-aliuvui'rm jpphLiXkni ill' Vfuir^ 
U^AJ iklTlJJIllJl'l. Ai LilA I-Aii ur2 {2 ^LlJlll'lkri; afld Ullm'lMlA dUTlrig IIIA iPkXll 

ji'AS). PZfeciHii' ip'jdiiilf' 'n'ilh nuiler'i ofh'itnfc dai^i in f hcniiHo' ^diK'ilKHi irr inlMriL#d 

■ Lnence e^diaJun Thinr Iciiiitrn Ki.'i c dcnuKiilrilnj fe m^T inHicmx jii Iheir »:lfnc4k^^ Thfv 

iiiihiJiii ilfkr lidLlicn, llir i^hi'ifiLj' £^Eri:ull, Hid rui.njd iddhriCi jAiiiHdLiig ilRiiA^x 


^^aW[4'4ruEta|mpHPI«4.'hihpiriVi>nra'A'Nfwiifil<||aHmh^[iT>|nr)nM«a Tnri: lUrf kdlil 
hnj picfm. m nJ nkl^-cwm p.iBi^L ^rvvRna.oilniAhm^i incnr; i al^rnJ Lv^Tie ■ rruiln a 
Lnchr^ Iil^iui chan LbcBctii^ dsaljrialc hc|uri inchii^ nJ ue ncri-nrei^ ometfid, ltJ ptm'k^tJ ■^ippd ■ 
wn SWiiiT riptiF:wi»n» 

" lU-^fKfTiM ti<-e¥4l niin-in(KiI^t£VX\i NUUf Uf dhn’L'OUhJ ^ WlpA'iilh i*d •■‘OUJJ 

Lln^onri r^hjfal pui] if haain kwkn 

* ^^idi nitiLcrl£idw^.4iajld aim he eljjhk £ir un re^«QC Ieih Trin -atajriian lodir^ il 

Iwi4nlip«in'n»'i 
' MMKMI EbWOKhCOWPi 

im &Wi Vi'kilrniWiiVtC MMkfiiti Pnii, U Cix^i-S^i« ^ K ki /^hw. 

ZhAVnpr AraEKTi " ■< ! ■ AsioceMhc, ^0(hj, hi Abn ;^!u3 

^far^iiiiBii3nriVi T'*ni‘h'i~ 'V-ii^iifniiVwi- A^Aai S^uu-viCYnnuatn id' 

lb :^ULei 2fXi3 AANkAk^lvfi -Vripv^iYe-lrc^piifi: 

^ StiDR- Tcikiin IraUiJc Ar^b4c il hip i^sEmnlu'PfTtiSTl'. 

^C. Ku kI □ r^iidkK- Inp^LiHJiiei^ Lhe permuiiJ itrEk^^ciJ ^nladi AsbecSi JrfwnBJ'i 
imy wm iFi nBun ihpai p^rfren r^rh^JaFEhi^ ^iwNKrjf ludun 

vy.4V.yx^^-r-iio 

FKK-HL mit’.mON ■MiFS-IOS 5-13 


Hriirurii 3W6 i:dnii;^ 
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Tim vi: Lhr U4iii fimVliJi: IIk Kulmiii: lcH£L~fkJil|i miim^iiIIV 

nKdbd IB sfkHil -dulrk.'b iiirais itM Lountrv. 

.■kn P4|iJiiiiini| nfihn'T ™,iliijpi,linB fesclMr* m«rir« mrf "iifpnri 

iliidcnLi UHK°^Lrr ldL4Tcn In uiirft hftnkr nl 'nulhcmdin;. Btl iLn^rvc riicntrirTKililflliiin 

would prdVIdi llu- Uid ^liU;lUK 1d IlddCtl tbOUl CiAf - mAIIi dl'lJld tlil1ll>il'I WidOK tild 

mflhcm-TliEi-Ldi^^ion dhniit 3- lioidkn in mirvdkmi Lj.4iXJ i4h<>n| di^fiKli inllw 

nFi“>n 

34 IIM 1 A 1 Ptrl d; .ld^niiL-Ml FlKcwnL InlorndrtiBil lh«tliuroido^i4nd I'n- AIT 111 


Thf tWil irT^nTtni^ii^»;iii>n fiif hl-3J ^Jw'-'iinrul '^■■■■'ninunikii'-Ti 
IdirjidiJi iddniiiitjl TIXjOOII AF ulKl ]I3 .jnd SU.iKH pro-^^H- [llUili'hd^iidl'iHidhOliULOli 

Hid sci^Ki i.-]! [rro^rrl. Iho Af' pr-c^Hn Knyi- minjr rmn iludinli- Ihm d«!] Ihc [l^ pnwiin.i. 
Tdiwlwr;' fn,*in ’rtiirol’ ■"■luri iIkt! >»¥ few triK AP nr 113 « ninf? ^•c«i^'id pn-irily Hw ll» 

piuf^hj^ii '11 k- iiiifA:I I'OT tph lOonrtU^siAjliiiii - 1:4 Ata ■Cdlkg.t J'k AH ^riipinil. Wlll4:li Itn 
wtt: ofotplHicx in focondir^' wd hif;lMr odiio^lHn. Ic aL» o«rid bo iniplonKinKd in sohcofc 
cvitiTod hy thd Inl^HtionAl IHm-jIaiNTak nramtiilLon. Sn kMe.i»lhf}'d(iiirjnilialt 
■ iD^uAivy [KrliraBAir, AP jiid 1H Icjo-Ikty ikimlil mi-cni: nKiilliiKk. Ii> HLiiid pn-dckkmHuJ 
dtytbfiiiKtii leniuun uid Id Tutor uid pcdpoait iudfiiu ouliidr ro^lir cliisiwu liom. L'adtf 
Ihe profKud iviicrdin. thoir do^TkfnidM teis vnyuld bo pbid. and Qiej' would rucoK-u i. bdrui- t'or 

CTbrh tkhii luouil Jn AP kT IH 4:>iHTTifTCdiiin pi pudlupiolli^ -rf k-f^ixrunLmJm j|i 

tikb lAHc -nuuld Iti^llO nlK- df tidldli Of i [KM-p<ldPl or^LZinldh ljull'cd. In' Ultdldr] lllinkf 

leoobon who -u-uuld kip looil mini^ dio rrojTHii huJ onii»iK liijb siudenb 

rhomiidTl ftn-ihi’ wfnmnnnfliip^ i' Ihi AP Inyrnli'-v Ppijrmi lAHP j. 

Wbiii'h udIiAk I'kjiKiul ^-eiULy Tk. Qk ihlTujl - kHllk:i:i Q? Liiii-li dnriHliJui^.Ouuj'kBi Qj CkUi- 
inoropkiA^ iiiuvAofk ul'koodrukjv idtaiiol inikkivn. Tu unit 11 lit^ * potLcMi^ urkjudenb 

piKKiHk. AflP hi] bion couplod wiih j pio-AP iniivi«L lAyinE fc PniindWi™. wlnh brciiP 

III 1lii= mh gr-ulr bk liHp kluilLiiili jULguiL. fip E I III ^iil ]3lli AP nrmi IH ■lujiiliitfk.'kik. 

Tuldivriv UkO VMil-jM^ d^Uii |£»4 UiLj |-uudil Ui'i diiliiEbjil kltildHdl^ kjid TiikL dOUIfiroliciiklli'-l 
tnd'of-covie- oidwriibalidrK 10 moiTiDd niKkry ofosscnlial cdncrpl].. Hx ftkiss ohiUhih 

llinHi^h r^piiilp npj hi^ji milpKili 1^ uiKurc ihkj ^i^iliEilin|< kkipitmi. kt piiipjioil riir wfrL 

Tlic fiiinil^k« li'mi.li prufpimi xi -l-yOw |nul«]iimjl ik-i-di^iiiiciil, ILuikjkd 

dn ooHunL df-liwiod (a' Ihd (.'oUd^ Udird iHL bv msidf -fiKhon in hull iibddi duuKU. 
•■LkkJiiniinB '?ilii&*TT jwfemnim'ii .AP-ri^ dwhm- wn. inikr Ihi [wiipwl [".'btit!. Kwivu 


^ -IPIH 1^ ptki nl I nakK-kli npuivki^ rmikk«^jE^kk1*lnp>Oij^ -pkni liBk-kik^ ,^|kEn ,^UTpk£kU 

niddTKfK HillHmaUdnil 6 «y' 4IMIHI« E>iilHnHhM iindu- n Tecu^ Wl-tc 'Ddd Ffd. GEdb-dPI bt AiSUh. 
TX TEA 3Xlia In TWI.'tit' TCIU bteulHiilf tittCldJ dX-OoM Minillildt' lAdOKWkdBtnEn (OPAl Id 
fc±xwki^ tkUiirii ml km run Eoi hib pnEkawxok ndk-Hm mi. noJ ldd:tEniiH kiTRUiililly mBtp 

I'TUK':; ir>:i, ^lll 1 Inel-.^d.a.Hi AlHJi lulEnT llw mEtnm Lhr paunp .kTruiv^KiiJ-adunni 
^jdHn i^bo'E4«'<i AP dr mf.'vnmh'Ti.nd 4 m odrtbmd pETMiiur cfdru -iiMMHldduriiiMictaiiJMA^ n rr 
■hkddif clhHIdA K-dlr dn H likll dtit APul [B dluilliiHldh (TEC SHOT21. 20413 'Hx i:MimUH^ df 
uuinijm vl4i hipdi ■.mi m APcr lEivii Isfim ■ rupcrl-fidv pcrPnnnE n^aka (TEA, 2002'p DPA 
■dEvnrki^^cTuri-Kpiwn stw mi-^uail-Aiicw«i ] llioid I'm ^rmkn liii h. kuofu .APm 111 

mrfuuoo lEtaMn. 1 3EEorir«« oCiKt nc>«-!pKHl-TdiHoa«i n I Idi ind irdisiidk iN<h4ii.oiid 3T*4.ai [i(n 


lif tKaE- cjumn !■>( li Hmi. ] adnE uF^ di ihiE -EbiTi APcjuamiiniui d u- itkid dnin ffl EliMjiiEBAiin 
PPP-FI'IH.ICAnCTN ATIEEKliN $-11 K.Eliiimn 300& FikidU. 
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MrFvl fuj nwrii^ ^^^SL3rt0 jrH jfv- AP >nn>id 

Si,HDQ AP-11^ Uiuih^x iJin j. SI{U Ihiiii^ fii^ lmiJi wIhi ghuih ull AP 

^KiniinKioa Ki niodKmuFjt arsL'kni:i^. Prc-AFliiuhinurciMLVcii SZ? h ante far urfe MUilftm- 
wha fossti itu- and-iil-muTH c-uiiayuuan. 

TVr r^b'h cimnlh iinrkrviriii^d -uv-u |>i(iulrtk!(u af Ttnd^rrl^ 'o-itk ipKifx loami^ 
iKiiil'. il mithi l»; ic«fii|trjuw'kkrmTl'rTKniip^iinlinf If^npri Tht t iiinmi^i'i*fC*liTi.in'i3 
Piqi pi«xr*"* (l.^CCP J A? ■;o»"¥!! M^ihlik in- iimltnl' wfnf iniliviilmlly 
i» Ai iilrl 'nl'a fh:hk'ial fci'nf In ciUlu liuit-, Ihoy IU'iil vdn^ li> Liriidut :uil UlJiMH. 'I1ia 
nHT't' dioii J.UIHI mt^tna (;urreiill>' euallcd ana uuflvr i.'vnil'kd ihitjlim iiid lulonod In' pitd 
udiivtniLv umkr^iiluokH tiiJ ^roditirla :iuda«ijL 

A-I PkF< -f; K-1lf ■prrKillar Vlndrlnl na 'ft iirH-f 'I h'' Mh-jp^irilH 


'lliafraiTlh pul Eflha K 1 2 n^mniMndiliiHi ukslha lAiiatiiunof t.4ifalioii1a- 
carp-^rK t nMinul pina I fo called K 1 1 KKnu- and niJlhemiKki Looehmf!. miL^h Ihit 
Uwn ■pi'fvjii dkirtiL-^ -nr dd-vkr nan i.ith'. wfcew ne« ^IFevlivf miukk f'rwt All m)tl<ri* wfliiW 

bu rruik ii jil^*: Hrrdnh:, Irn: »i j Villx^bn iikCHUul Cmuajim Clul iiru^iilr 

uii hi^i ql^niLrJ li^ h! - I 3 Iciuliiira. 

Jliph-i)ualiiy 'Ka:hin$ it jrauntodia cupful v^ical Jli^metu al aiuTiavld. jtie^^taanL, 
and lUiddif jehi^'^mepl tlajKkiid^. Eilfprb Lo direaly ^vitunta cwtScuIm' qiulity hi’i c odien 
fniwkradBidK potl.’’ hiilllN neodnill cxirty ]^x»llenl nehMrn.'ei'rvIhe do^-'cloiBKiTl'd'li.- 12 
■vitTiiM. Iwtm-iljeT.. Hill m»JhdTwliv''^iiinipp|.'iimplmjiiii'i;liKk ihf^lfipinal^tj^n;? 

Kdifajii'iil .IflMji Jvrti, * Pwiicid 10£-l , ^ onl rlUiiicTiiin IAi'-:li-hi»cd L-afTi|icTidiv. -nilu Jiii^ du 
'N^ovkil KaiaiKa Illjj^Ejl T.ihiuy -[iuieVi-n Ui tikmilJuiiil Sllain-ltb :^uiiiMrud Uil- 

|is llepinnioiiL d' Miumidn, it x o^flahonxi w eAixi la callocL nioKriil:^ and pnovda itvom I’iec 
za oda'il'an 111 ^ GEkf Wtb lilf ofTcn more Ihm JOjLCO i>lu-rali-inil riHourtn. L'alBk>j^«l by 
IjpcandEndf kyel AllhciijdiCCkl can 1 m nnnheryanKlO'ift. il haBbc^n lauded iran 
<f!«nirlHT ^fliirl OEMpIii. 1 bixmadk il ddir Ibd i^rtvT ciiM,aiii:n pnup'jm' THrf i.p ndU ■ 

[i:e4ijHiliigy Lui'i^'mjntnC 


Mi4i «>] Sf Kn« £^<^1 f™i rnppi'i^s 'to^enwnrr Pn(ijrsni. iVoetervxei DC D! 

ur&kuXjm I9?ft lArimmJ Rmmii OjtvXil e>i iPiviWuX^ l^rmidiri^lPkk-tlivTH-jaiAi^ePIjril^ 
tSAJj^umokm (ZinbrOKai. ifi'Mfhnffiwt, MiXmiS ilaikniee ftei. 'biSeia 

^ Nweeid KeMtnhCouHj A'«we fikuEiM juubhdi. WaAnw/n. DC Hwcnl AeodeiQ Trm. 

IlKli XlUkmJ l^miEcil cX'TDidtn or'yAplmilEX P/ijiLYJ^j’aviJ'Ain^'ur^ijaA0iViMMuunx 
lAutipfiiTi. rr tecTM. jocn .^nikiii D tup ' nmdink non orj'' 

' Rrnoc ZiKI. ipunoeed (y dit' Amnou Atsekteiiae brdit' AdeucXfiMi cT ScieKe. ib in riminie' Aaetim 

K-12 DAM.-iljaxn^uiiCi^ta L^l dl hjli xdtotd ipxJiMla M- ■.-Kru likriie-. Di lir rEj.xfc^ uFill ntmL. Riant 
doal jtididiBd .tciuDLniyyv/ejrabHrnLnaijX vbcl axitna vhxj dl it-j^rii duddlcHiw nj he iIIb Li Jfi n 

MKfiM'. nahinniOd.iidmlifKlcu'arKr l^yieinaridiaaliti. S# F Iiiiet RutxrOxd eiri Anhv AhltrflL 
Acncei'irPajr Jll AjnmLimr iTiktjdi AoMiivlin. bi he Adruccml if .Scyae-c DdeilD' l^lb. Ainbblc iJ 
|pp ■'MW [figpielllHI 

'‘Hie Niijeed IDifiul SoieneeldMiy tirj- ''-Ml eri^'. 

^ Far-nwnpk, ue M A F Ixf^oiU nJ J dm2 'Jhe Cfarifw^ Ln liikEiJiouJ ^l■kTaJl ■'in 

EiidiJirrei^iji:^. lf«f > A eectmfral reiJOfi nutnnw'l Kifltf US IVtmiem uFlidiKaann eAaofcer 10. 30Cf. 
lop ■AiiPli' preufu lOu.'ZbdiBijaD’TljaEiBjJ QllOpdf 
PUF-P.'Pt lC'AflO^F VF.HSIOK f. I ? 


Talmaiiy Pjliliiip 
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Pn:ju:1 F^iJ IK: Wj.y .TVI') ii. h iiilMHid n illi ^wliHjn in pjhik ■L'hiHiK, 

UKl uiiiwfHMi. dnd Ai- privAt- leclH'.'’ Lhf' pcotKL his [kv<Mp<d i 4-^'MI' uifiKn^i- 

Ilf Ifni, iihm nirrih^id wilh fm^nTTricry K^h-TTUliu^ Hii jntnHfisiEf 

hluJciin lu Ac xc^C. riyciT, jiid AsLi^dc ul'tzit^^id^ cjiJ 1 n.-hjiiili^|^. hl.'IHi' 

nhQhU'ddvel'jptil'i middh-Khoil LcvIxildG^' i-^WThulim lijhw-iy io 'J< dura [«£>'. Sludi^rTt^ 

pHlIiip^ci^ III Pr.n'^' LiHjcjn arc bcflcr prc|urciJ firr uu&ipr ciiys^cTD^ pniljriTTa. Ill vi lltm: 
C.VflllMlI ail> Id Ac IdlMC irjilililWlI ‘ilATIilUl*. 

Cnmppitwrpiiv K*4hr ^rdk* ii » oilici I of PLTW. anJ Iho 4'nTKilnn 

lian LHJ1ui|j|.ui^^ jiid urJtiKKc LliiJ icLjiHC s|KL'ulijicd c A c rj liuii. Curiliiiin^ 

tAjLinkM supuMTH hiiAmi k imphnuni nlu pidgiMd aid [Miaviilei Idr imiiuiuois. 

inipnni'srnrT'l urpkill' 

■detain ..l-i: kAriy Ac plfv^c lO'ikJuiJrnli nhiii arp prppjrril In cnlir EiibfiP jrrd piruJuiip wA ■ 
' tc 'mw.v-HinipnEErlnic. *r mULTniUcr IncrEulni. iIie iranibcr ij blu jEnli nbii |p« ■iP' 

Mr] in whw Ari iniokcriiMirr. (ouiw Ik p'0[TiKliliv([M]9 ’cef L'^ kiranlHsic md|p^4» will 

lie jiuiLbicfod In UiE' E^. I ^ clubrctmi. Vli'r iiiieiI ci ilia rluAnCi' iiijijmiiatj%n uid 

ifNiKE Educaiifn. nf” jjtiiNrjIicA dfbri^. ^'dll-a 1 ■rad icKnii';!'; ind ensinefn mi 
iraniflimiiin'lidwo nJt'if'n.rh^gjn indwAJi un^otoNEnili'^Hilly^lfrfofcp^ino.and 
[ircpifc iJuJE iUi. Ill ciijN gc In jd^iddCEiJr^:iiifiEWMk induiluindilEs adJ uic*.rE. 


Tlir ‘'cduT iki:'' iifAc cLaiirciim i:i|iidiiK iiT CEwra:, xi [L: idinJcali,^^ iiia Imm^viiiifx iiT 

ilic Fihk.'" IJcspiu lEiqifitssuig in irunHi m Ad snhiciiA. muy US sliuhni: ivcd riRoxw hi^ 
idracl nprh in lIMllKn 1 PJi^'^ 311 I iTHnEi.'* US ]Iik1ot#< diniild In- hfU In Irifh l:^^'4llin[A 

fcEki i^nrUl -rdiaiEW-i'rk :d]uuld fee akailidilc PP ill xEiliiErlli. PirikUlB- iJLAILMrl ilmtild !■: |Ejid 

In in^KuinE iSe i>.'Bl>;ipilinn of AonE- iludinls in troapi 1 IhI ite iHkrrainEsnTijnd ■ 9EbaK:Er 
Inf hritlnES'. T"! nnihEin^it'drliitEJnm.lnmPc. pnd nmrl-'n.TmrTl 

II 1 E tirai ^nil nl'iJiE prufKdrid jpeimii It in lia'pc I.KOlDUO siudEint ukiiig a Ieu upe- .VP 
nr ]B ntJlhiEniPlic' ■.ir witnen <xuni[uli'.>n Ity WfcO. nn infTviK In 13*p fp.im ti 5“^^ rf jminnj ind 

■EnliHTi wimp IihA dl IcmpJ limp: /IfP nr IR rTulliEmmlam -n- .mclcuLrE c-runlrulliin In Ulfl^ We jlin 
iiiiui tboicuE- iliE iiiifdbEr oi siurkiviii wira penn- Jid« EominniiMiti IIvh ZIOJIHIO > 3V04 Ld iL 
IfmpI he JHIll AP -Pnd IP J>nu -piiip ivimlil b I'liliiiTlirT' wl r^vn t» rfl "ni wcrilJ fief 

pludnin a Ikimd lUil Itt pnp^ Idrn^ IJilhi i>j&:y>-'Lw:l L-uuipEm. Ini^il Itv inELpImjidli^ li'E^ 

idiodl lEh.'hiii-.'^ Ik hmjII udi t< kthr prEpinid wdEri^uildt. will lu^in -■ iNllnr 


^ ri_T4‘ ■ KM ullaoi LC-Li E^namJ lie JXMjpd.-El'dckiiT» hEai .' iwir plhiE Mai 

* ktaluaMl npURidi CraEicn ?VH PiLamrrtyjn.^p^SL-fini-iJ inmdijrijE'AEprTviaria] n raum 

wiPhnf.EEi re ^rtaioni(AE»iflWiE!i IYeh. 3 XU 

” K. tiuipf 1 EilHdiori wjnfei MwnraCi ew ai-r ■JkEuftw.c'j. iVif. I t. hhj j. 

'7 Levei kb^i^nrvId^'dlW'-AlElidllhaih'. EEp0^3iei'9^Mw^Lrit^aMl..4pa■il:]T. ^. 1 ] AndTiElhdpE 
vEh-CuA. LIv AjCT. tady Sl^adiXPBddr btndmmii. larcnlr^ .^1 aiKia.e, ml il^ rmrnltcT^p^ 
lie fipar fia Fm^lmt 

^^^TtpavaaiOiB' mqirmiup Evcaadi jam- EnamaadaiJ mrbr^iilV fnpai«d.mmjdarmL mi Ehm L,tipril Akh 

ITE >eH4ie^' nnm ilti .V nr IF noPTHE- Re PiihtrEpEMlEPEE'fHP xinfw 7ArC(i4rmn p.udEni ffennEuld In 

>idl ElEd JM a>¥lOE hnW hcdliiE [El dAEEik^WdfE] IhEmi IddeMk. ikE ]. 'SUiEWi L'Aily H'Wi'lj 

lloq- IBnJ'iliiiAl] mlk Jppn-KC j'iWmf.Fdi^iihvii-AAu^ Mck Viak Trtep EuJe^ l^il Lnila^ kboi k- 
mamxEEd mkidT Euiamci^ k ndx - eI ciiuiuuj Kibi^i. ochiJm^ lie rcdi EimrnpEllrTE ^mmib in 

PPi;-Pl.l[ltlC:ATIONVE.li;i|nM 5 - 1 * r-l-ippi^- 3™^ FJi*i™ 
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ijf ^KfnH'-'linE <lvir 4f ppc" in fTjin^rniE !<t»1 ^ T^hk 

S3 1 1liil Li ^luinH tbln'i fiUhb -jti AP t^iiiiliiLh-iji IiJd. it 'hLlIn i-koUL- rt^ JlL:^ 

od' edukjHy ^‘LLinipkiifijahi'Lhdx'^diij^ u'lkatyta;^ 

T.VltLK 9 i ^<irCrimHB!HI-in' kitif «l'!‘liidi:inkVii'h«r4fHHl aP J-AnnknvIKM^LisI 
sii»i[irii U'tiii t'ltd NaF'JHiLf APK?tiinitaiill>ins 


Eihncil] 

hreeed AP P^nmiiliLm 

l!Hd AP I'lnmnnlii^n 

MUii 


Ji]»i 

■TTW 



Rbcki 


ITS 


Z’^OFTBS. I]Uii HE fM kiatulnrij pipJa^U IIwi T^mi r^li. ky^H-fiAjk m 1094 mJ cmEkrv ■ A TLui ptijlit 

ail^ ^mipcnlvL^fT^I udiTm) jHf' oxnrmibau vov prnL n Lk oon EBiiBcta.drfjiQjBk nitHnKci 

WHim. ori WiLiil xudKi U' niKliTTB w 0wlM' 13 llk[>frL4ny£itH^>'nU'4)rprop«i»Aar'HbiJtfiiM>fh> 
uiUftaJ hdivlsr'a ikuicca m h^bia milki d iima jijkIlaIioc. 

KDliKI :i. SMi-mj L'jnvr I'rr lutoJioHl A^NmNliy c ktjb '*«■-«' u-ki n^' 

'IliiLii^lkifi ii hiiill i.m'itsndvtK. k'lint-ind itKJrniiL-g'In^diHb^ itivknn 

jnd mlhcTTUlii'K Tkc APTP ^ji liocn lULUiirijI ultim ^iiddr, cltrniciL'hL mi aiiipcvM^ 

TIh-' pTv^iin ptiaftipiiciL liLzmH VbHiiU gjVL hlbaHirCii Om: IkllicT luiAgimji J llicy iinad ki 
sci<nL±. engine tfiiig, jnd avuilienuniLai lii uiukfgrjdujie^ 

SiKh Kiviiuicd (alUK^ld^k cu pnnide iu fdtjndilbon (w sludenls 1u be iidcmiUornllv 
eiimpelilkie in IJm Ixlds -nr fiKus. Ikr L-vimpk, L^S indents u-be piihJ AP fjInlB in 2lXKi 
no; iidnrim'Icrcd Ihe IWJTrcndJi in InlvTTHtkTrnl MglhtsKdivijandSeiinM Sfpiv- LTIMM^J 
L.-iL'"T 1 Kir M'lHui iAkTTi: si|^TnfKiiill% hi^hiEr Auii ihc E Sniiin:, diJiIk^ 

faiilB llm llic 1995 Ji^ ar^pi }k:iircji Hll'llit frv^ ull 14 pc«la:i|iBCa^ iKtirllrin. ?ibraLirl;i‘, 

US- bOiJLiibi Y^hi^ jpocutl AH fhiiiii Ln lOUU -DLEpufl^nubd fe ly^J uli>ini] 'IIUKH 
■irKi<KE«d«d Ui^ nx-iJLp«1icipiJnft£4UJTlrk9-f.'b'«n1 Vorvi'dy i7iM« h in 

i\MT ilul ^nRAAinR k-> 1 1 !<tu^rTtn m chiiknRini; taii[^ b> yiulifi^ ki^lun- will 

^rih*nw Ih^ir m^‘ mvTO'T it? impbv i^nl^r 

ui'illtp: .ui J -Jiiiiqitrlc faij^i ediiiiMlul 


.-'uiEna— -vhooii ivdh>ifr;iHic nuotu. fnirciJ imJ ivdJ-|Rjwii Miiiora. TIvncKtedi nrtiiE 

orptcdlj odvnrrig; «A\t^ p^pnam hjr ki^‘A^^<ajiTKiiW dilTenaHKa •iurti il^i cn^ i- 

>Ela.lj|jiJtfi lifa'kiicBbve lih.’^i^ rcLncc uIliciAbji AHinJ l>jajn upiiA. lAln tfimkria ik^FkAitiJ mkn 
'i‘^ 0 Diru smA Aiiiprdl Thd wimcr UcmI J^kaElvnl ^^'^■iiiaifiul h^uliuu Ic-akAcuny 

wnficiiiJt. {fEitti-im 7cr i hreff •te.'iiuicn id ad^UMdi 

■i-DUlMIkMk at MUpUAI R^Mr^tl COU^iL JXC. iBiri [HJ^niBkAnw. 

blrnbwrul&'a a^^ja.vjn £iL£. Akwh. D^. NmuJ ■'kaikniDi .^CHK 

^ A«44CTTiDf'i:porH^ii9t^ mA > n . V Vid FB prwn^ hwfn nrirnk- n w^nl Htl^ Khwl sudmv-'tw 

prlAipBlc m tf'inJ ]B £iXr^ nJ mniibiJ LumnAjilnbi^ u^vkJ Qj CC^kv^ld^iduikTTiL ■.tiiIetC uj b'c 

^**"*'*V,-''**^-^**T^" MB-MflMf ^fhiUXJLXWlLh -BWII^W UBB.K [TWhlbl L}v 

Dff-iflui/y ■>^l4SE <n ^\ ci diptiitahri: mi t\t oenej^ 4i ■JiPi'flnni 4 kv tmnl |TEq.s 

UllBIliJlBI J^OCf. ^ I ikvQL'B J -P^' bTVMI Al^^lLTTI^liQldBTUabliTVdk J uaUI lUklBI RAnkBI 7^X01 

3IMVJUN.ri3uBiwp Wi gbJh-NII III |3iidii.1'3V 

*" Sm 3-i:c iXppftt&<.S Fm iwn iJAiildJ ildMUMtoFiht dun Fop KbHked 

HEtMH'IHJC.^TlQS: VF:HSK^^■ 5-17 HaiftB4j\ 3CiW rdiiimi 
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TABI.i: ^-JALlit^TiiiLW Ilf AFt'.d4HilU] tni Siudijvii FulMpMinJ ta ihn 

I'T^ndH in InrirraailiifiAi \tlhrmalki Hni HririKn hriiidi In hlhl 4* iim^nJ irldi 

liilrmulttKjl fWw ITfiF 


Malhrmcln 

AjICT^fE ^CIK 

1 Fl??*ci 

i 

A"ct^ 3mjt^ 

1'S|$ 'W rdleihc-imdHHi 

3L4.»r« 

S4|i 

! YMjtvt} 

??l 

.V rjktiM.rn|Mi|hH 
iv riH llwtirih 

Fi 


PT 

Fraarr 

iiJ 

iSwf^ai 

i?3 

f Dckmcn 

ill 

kiBcvi hfda^m 

iil 

dlvdfnud 

iil 

L¥l j4l' vtMhrrihlildfii 

hjl BtJ ^lilaclta -TUB 

nv 

i^ianJw 

^31 

; GiAfiniiji 



ill 1 

j Aui¥dii 

ill? 

[jtria* 



.MJ 

OWtt-t 

ii3 ; 

Cjpnii 


dhvibn 

ill 1 

1 [Maim 



^*rf 

'■ HwLnibnJ 

4« 

JnvTuiwuJ jUrvBia 

Jtr 

drccK 


Pitr 

■in ; 

i rpw^fl 

Wi 

CK<i;h‘Rtfi>lii: 


! FnKi 


■J«niy 

1 

1 'llEati kcfcMh: 

431 

rraiMlHI^ 

4C 1 

: Aura 

AV- 


13® 1 

1 1 nllrJ Slilci 

4(U 


SJr^fnb f'n^^rrwvn At anJ^^n.'a r^ob’^'' Lnlhralknil 'C^kIo'. 

d-^cd i/Bdiotcn &al^<Zdkp. Jwtc 304 nm wh 

3iplc AiKncdptBcnolacorcjof ■ !i'franl ^dc, I Bi^ntdonJ i r^nif uok b)* Ac ■.'joA^.c bnnL dv 
o^iauBEdi ilvi ■dniraui iJv eunu. LMJul^<R.ad inbDmiin^tBVfiJ^ rv^ura i i»fi k k S- fea 
^pdilv ^lanini enln 


HHtK.Hl Ki.lCA'lll>?^ VIJ!!iKKV 


3 .IK 


Hdiru^- 2LH4 >:diiHU 
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Tl^:i Hrmr rtv T-:n“ AITP inKmutrili iM '-■■imhininB ■FV*nii' p< nml Um^itcr 

Dlijitut fhjiUi|ii£K4 APIP liM* ulixdk£iiife.iilK:^V^'ficilijlifuJh:i:iur 

nuiijn^' iinulaTH in bij^ sfhHl. '11 k DuIIss 4toait.1 is ihe- nukn's ]2dh IL hu j 
iijViniiii-irit^'^nrQltaKnt ind l<1*i«rib'Sl^eaaa>iT>j fhitn h^uMti^jIdi. ¥d 

DiHbi riiK^nh Mhuvf i.Hi|tinndiinE. AP rv'iiH-i. .'Urii^ivi /\nHrieniimJ1]iip?ni';^*>d«nlir]inii aP 

cuiiiinilH.TTh ill iiitfkzinAjHn, ^hJ Tn^lnli Jl ■ hMjZ ILur Iitticl lii|^ii:r cYuii llic iiinii:n:4l 

iiiiiiriitf i.' hloJial^. :iiid fcnmil^ hliiilmr^. pK«i [fat: -zuiTiiniairmH I'A'ki: Am: iimJuiii] 

riu:.' 



PT^l lilb 5-J IlK- iiumh.'r cd iVF c^cuiimaiMU w nMawniii^s, -sitcrk^ arid lin^lisli ukiji u 
APIP ^diorih in Ifx Dall^p Indtpmd^ ^hml I^Dtrid {niSI>J Hi; inrran^d nKn than ^hoU 
IO}T»ir!. 

I^^i:ki;i; Ai:h'nC'^ 3ld1 1 iv 301M iijmjhm.w; bmiidui ifmljmdd-±Ei lu'^miv'^ton die 

niulM^HiihnSfbMlDCTK'i trAP^wirukmtiridiflHUH.MinK-!’. udEheUi 


* Pmi* >»“ n i-Jlfulmii n intiw nf nmmmmpwing «wi jB I svojmyw liid wiw h|p if hntJ. aujUimm in 

dif' Ulu Imdtf^ndtii': St-liJdl Ddina MYipiiitiJ i/mh al i>[Ti:)ttii^duriht' Lhbd Soul 

PltH^Pt Hr.lCATlLJS VPJiSKlN' rdirumV 3CHt Ikihiini 
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'nt*-:iimniilltip’tui««^f'p™ii'nof1i«nililiiii"t*l »piir™;hc’ in tnrnn.'witFi-ltBvicnfr 
ijid r^kjihdiiiiiK.'i cdiuiuitJii iluj die- libiud^' di lu. 

■ SluLrilikJ-r llltili Ail d; Wi.|r 'Ki -PkiiEiud- tlij Jnil ddoiV-rliiclil in 

and m jituTTUliti- e to [Hovidt cn irrlttuivd loiniinR d^rknt:' hr hiRih 

purffTinin^ BluiJirnli.^ iiruTLfrK iliHkiiilq in h ■L’icmii: mJ 

BuUurvuuiii edwuuiL lU vtliiiR jrmiili I'lx dmrkulA und muiifidbi. proi idt- ui- 
flissfooni ddut dsioral oppoiUinilios fdr L Ei hKhdis. aad hivd llid ivsdwd: and ■tjfl' 

firr ■iimmcT pn^jfni Vi iiliK^rtti In hirknct: :fnJ mriJ^snlim CViu ruhIcI hl 

[k Mdldl LUdlini ^1^1:11 ifS SiL'Idlkd lUKi ^lUllHIUCki |?K.'S!i.H]X VllK:h dfWkJ Ul l?liU. 
NcSitM diirOIlijHiion ekI sdnion- ^imn iTKOt of Nnnfa. Cmlini'i EUii 
'NE1K^'^1~h uniijik: living isd Icjming CTjicrhiriir piadk: 'p ■Qi: nKidcl Jiir | ri nrmiijr 
lUoundthi^wLdld. Ic ti- did (1r^ ^dhtul drLukindadidiuuoa- ipiMkj.n^ickiiiiJ hi^ 
iHjhodI tvlijfit ^dmls liudi' a ipeciidutd ukfnoe uid millMniiu:: kuiritulum. Al 

l^ncli^ni iunTU fl'r ^ “iiiihiJiiijI vw''. ;cnj Ific ^cfiim| a vlfiuJuv vnj Ih^ 
periuuii:l n h«ddt id odibr lumiYKr dUbDUct Idr uiAinuidid.$ ^ujdttiu. 

* l*^uliv^-BANrd liEiintlrie. iiiaiuiiH idMudi [Mdgrdivta siiiiiultci: ^nitJcm ticdiidii ind 
dchiEn'finnK'HKKnt?. mPUlHnulirk nd l<vi|1ni.>ilJG^' hutj nii> lhai HivnUia 'stvirral 

■kd^ii.hvu hA |iiib1k: jviV tic 'fljiliidnlii|Ei xhiiuld tic Limlu'ifj^iL bk iIhiiJEI IIiieic 

dM 0 io] td slimiilild lcw'(hi«iid and miniiditv iliHldnl jidjiicipiljun. 


KuUb: 4diiciLidu u pcticraiilh ditf OHjjYin '1 iiiutn viliuhle- u»;t, vei du m’soetYi bu ido 
lnTi£iEiK«otlhcddiclo|micnl nf^t>^| ic.K-hinEdnJmMkl^E ikilk. 

'Che Lvenpiilliu hu ^^afnilied ■ niindi.T iiCiidKiBjiii[ij| pni^ynnK LkM InLV tuoi 
denidbuuddcoK'drk.idddCilled.ddtC'piu^puviiJdiifdnetiii iHidn$doujdixkndHLd4}d' 

PTTKlioil iNdiBPSh'dl Iraininc- irKnlnnnR ^dikili'':4i. uid iK^nlivci -iiid 

rueiifniTvrHl,id dinl P'n^xiB Eh impleilicnl^ :u LifH: n-ra^ inipUni^TiJ a nm^ich p'lip^n’ ivrih 

hiah'id. tKiitEirdulii. dVidiuiidfEL uM dn$^^IJlp iidiknidii i^idi itii e'A|Kiuiiuri Oji -no unit 
pmEnwi will Cil 4^VIl' NluKion. 

ITinniiijh f4iinl|nn n HWIIC?. mJ^EH^IlB, »n'l ISV^fl'iEnRi- wi|| vItI -vliiijr*' i=n iEk 
pilllldlta^l-ld^liridld^l Jdtbaldlli kdonledp: tiikiAdmy 'J'd ikt'-Elup ud ■UluVJIIve' H’OrtCliMOd. 
wif nuiJ htgin luw I 0 inproi-i^ puhllr cdurollnn ■ iiitiKd and madmTifillr> ''' 

Vlitinlly «|| ipullly jnEw m Iht (Inlul q<?m(iniSf n.i|| pnpilp; eerliin nwihun^jl ■■ml 
kdudutli:' iJkilt. Tbc'eii<YuviAiei:'i ul^iiivk. uie co obiirc Uui tlijudniia Will ^ii'lbcvd: 

nK^^in.' ikilh and 1 Im crciijnirlki I0 k£'.>nK pul iif 1 c-ukd <if 'n.nliK'liH icMidlil] uid 

inRiniiin n-hn em iIh n^w irodhKi'- dift ■"'ill In linn hmpdly oihanf « thd pavlirai’i 


'^l^.RiwHI EnaHc-z-liEAiai HiXEbue Cl uk Miliar adlh^uic ^DOl^ ■!T4-£7j 
" lor El alionXirE [hee nT tiove oi 1^~I± Ed^oann ril'Efn- u* FIcec E-I 

reE-niBLlC.-VTlON Vh.p,^|W J-lfi 


F^trimo' 3iXdi liilh™ 
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i«iiiil*'J'£ir'LlViA^ liiJtlMin. Ujrg)iJul Ih-fttUdlU^llj^il;, ijUiIiIUh] Mil diAjKkitrt ll llr 

^tnuTciluL [btijui^ ifcir imw^Yiln tfkits, lti.^i|iu9Hy jalb a>Y]ild>k li>dl .yjiicuzHb. 

HVh» fully inipIfiTMnLsd. eIu c^wiiinei:'^ rei'DiniwndUKW wiM iradu^:!' ilu iiJiJ^k 
dc-iMVfftKiifl in fftcnff. indJhnuUis. uiJ Ic^Kncdt'j;^' dul ^tiuldn ibouLd eubibH ind u'ill 
■ilfiifd rMiionwu npnntuiiLMi-InliilhfrkBrnini’ l^xnllfTTl loihtn. ina«iHiiAniimk[T«f 
■4iKWnli hiuhd^tmK ^lMiJnTyh^.:vKln¥HVjrfl>lMi«'iilli vri|| h^vinni iho-it'^ihmK 

nulity. 


J-ll 


PM.f L UUCA-nuN VLRaluN 


fdtfUBfy flKWiidilKn 
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Hill i-E: \llpriulnr<r J^IrI m( Vlnr: k' I ^ KUualJii 

&JHE ■juimmli ID ihr Li'mailkc ■^inlwnoJ Ac jhliljh «f EC-1 1 icfirrra 

on ihD d'lJiiInfi riuc^i^ui ^n^ciw:-rii> In ihc- a-ty 

•w fliMn l4?m IT4 Un<4ij ^Jjrrfrrt)* «fwii phw ih-n ^ hui w ritm^nrry 

IriJ M ii irnir^ q/iicnd n cdiksirmji [pciLHiiiucE Ak. rcixirvdv Inw vndoil 
.■JiKhTranI ihntJih hijh ■s:bul dtvih' dulllhzisalEnih irr^sknl, Aid lUkilBK ukJilMBd 

hndkk U’l IIb h^nfirm ii DiC i ^u^-iEiJcc oCMil^vIl In bJL biuEri tMi-cirD- inVul^v ikaf^dk 
qMlli> R-l > liMMilofii- and ihv dilllBLdr>' ^Fmdiwirinfl wotUs 

•y/mi T*fiKr k-l 2 fii^OTn in ih Unit^ sw' n4\y «al1iri tiwi \™- iiviaj 

MftT¥rv^mm\ mt^mnnial ^ofTpanvirp miitp rp4P^ ki'bilhltilF il^ Hha l^^ni iKf^in^ 
.■TUfil^ IJS.dml dj4ni».^ AnEriun idvttvJiE JEhiEvanciL, vHiLe Ihii in rma nh^wcrimi vrirw*^ 
virin ^id^ Tnin ailwJ lo mAuul even fiixn iLik Eu siLil:. Fi^ldh p^i^ii n Ui^^lncvii^ allies 
Mk ^Eh ife IMlIniitM- ^iA *iOdinA b (M hig^l<MLhiE^irq riirr^ii in'^iMm^a. 5iWi£ kl«dM riUKi- 
HM. jimr £L'vfi v.i 4 i ii^k-if^tiliaidnn In luncel!-- id(r>.«kf4d urliWs k Th L^lirf 

^U^Im. rv<in;h ivm Eulufrin kIvuI zan pjTiaJ|fT clait^. hclur-fu^-iwAiri. pem 

■.oapulm LKh -jn ihr hzWmiU InrviBl irha anJ rmnJ clilAcb ia^rfirii.ilE|i^ ^.nup 7Jra|^k 
wrilh in cnnnviir^, docavfd biiltlir^i. and luft^ulE Imdir^ cixn Ebr toiK: innncibfi 
HlarmJuiktfoJ lal Kuni pfcmdly rIIzcI tlk itiifHiiJE ^ik:ittiiifii«f miwcn. 

%<rMi •ciAfMliKMiff* ilk4 lili^Lh ^1 bl iirfluirlllirfd L<^J\Kt h ll»i;?«ndarM tclUECfi 
Kiwi KN<'-¥rMrv and 44onovih ilv< aAi?nh?rvJ r^nn wt 4tf Imh 

wav a( planing ifu J i«[muaiai ^ ^klrvd i^r^i arc lup. Itaunaiiri^ itui jn AroJ wichrJ 
Lknpe^ vliEbi Esn im-clvc EiHErw^ir^ ^ w^dc rr^uij'bklin cf inJiatn znJ ^r*»:rminl. hEriirnir^ 
rdKriiijn. il » iIbtheiI bi mki ad Ieb EliLpraivr Lkui Er7.iaiinv jad limiclIIi^ 4r: iin.~^lJ! |avHmb 
diil idczl ijfi kIwIi iiKill>- CEicwnuL lAiEiLncvn. ^ntllh tnJ moivnc inu^iklilh. u ipm 
Pi^ailMi A^ pTAakKO Df vMeKO aiiJ diuii ikb<-. ih? nMatuaifliiy of ^ort. 

I 4 <?im ii rK4 -a Wirf|-dfi.-4Jr^rf llWTPmv m th ^k44d'-‘4MpK e4 K-tl lurmq. and 

baJhi. imtn criinu. il ■ -^bllcapn^ In rajinrmrf [wrtfT'nu wilh lig> Emridmac Ikr Eunjtc, 
iOFTh! Haw* ITiIdJed ilV]l ^\K iPCddribHbfid BbUukkird^d- prORrSi fus i^fflrtMisJMJ KflbJr Idhkhdr 
LjuilifkiCun air xLmJv'tti els' rajiALi Jiid Ui^ llir ^^xE^au.'ud H^jciiinil LuniLijIi^ iieil^A 

■kimf diHlily ^ CHkn h^« lueaeii^ Aai wmh» iMC^MndttMJilm piiwnM 4\t iierdy 

tdNdiM iH* ldmb4C4« ■^npHldt-. Otidfl .VJU? ihJI ifi> Mu’kfVdUCJd'^i frOfTimi- ifD atfAUM 
d>p*»a-^iTvtfisin--;lfl'«™4Ti irfiN^ngB^rFonrs wprwHhHTi 


^ iLHMaiEClDrjKraiiwi v>d L^wck^ad {-.duiluB d hdilMU Xid l^u HCf- 

ApiiaNi E hiqi I'-KwvfOMad rfi^diwiMd^ll '1 1*111413 Wpdl 

’^n C Tl^lrp-I^fide J tlrtdk 

"IW 

* hhfaa] Kocv.'ti'CiJijn.iL J.t4i!i h Aj| zed JerrvKtq.di^^Bnrd'thilp'tyiknrArTHlk'a tr^ 

ififiDKw n LUl A:4uAiL Wi^ciAn K .•tuftknj lln 

PFLF-PI=EirJCAT10>: VliRSK^iX ^-12 Tdbnuiy HdiliU 
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£ 


HIlKKARni T(} 

rKfJSrKKjLH ■* I S TIIK 2 IM CT^Cl l llVT 


ti««i#nnic»4«1h)n It: and' ifir flvmwr'j c-iiinimiHtimio 

^uj' rr^Tfjrrh ibKjmiFn^uJ fif iir tnm^fimnaiiitniii Tu M/rBnhmu ihyfluiff^ 

Mh> itAUl rtOrJlMcf Jfl< IriTUHTh'. Olid ^>/Nf^. 

IK d^liiiiny vp^anih buil|^li fuf foLnl :igcTk:ip{ siJ pni^^rTD. ho^iTT liin[^lErrT| 
hmii: ord hi^h riil. rtuuiib. l^iblui^ iXir eiirh'-L'^nTir rtitiuulMfs, lud imy.'curicins in 
infrjKinifliiw '^>tnlltd'1ht*d-prtinitii! nm crilipil ri'r-^llnirtmtHiilpttiinimilwIw^-iniJ 

lir^lilEd hUiJmli iii:Ki^u: ■ill -znifini-crinf nl frnHlu^iiip BT^irfinl toueitiIi Thcqc 

KicDn iin: fc Mtds nrinniiii'dliui tiri iIm- ififiliid r^tiin.'b lUkl ddvthifimfiil ne wliKh ovc 
npjiimd pi^p^rjiv 

Tlic CiiiiiiiiilU>: -in IS iM|hmBf^ in llm: “CHlilul ^^iinmi iiTlIic 2 I.S1 'CcnliiTi lui iikiilin^d j 

iHiti- nl atlioru U isil kfe) rdslurc iIk lulianil iiivclnienl in noMifih in nuihemiik::. flM 
I wi>:i!k. xnl imijini^rinc TTk [wiifK»a|< ciiiKn-n l^i^tk-rv^vuvh fi'r) 4 »H{- E™!'' ^ 
lUKuniim oviy in l}uir nmmcn, MifipiDl Pir kijf^i-nht TUWHn.'h ji hu^i fulindul ra* juycdl!. 
Iht-inhjlinnafd WaKviiilhinitu L !> J>t(iirlnMiil Hid ih: 

cf jri^ iinJ ^Kih fiir hfuiklhnnii^ in Ji|d nfipn^rvC. 


[ill 


fJilrJ'UDUt.-.-inO.JJ VEIWIjUN 


J'tbniEfS' rdiliiH 
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.4{TK»^ B L: ynnJhiE riit-BE^T RLViidn'li 

ITie- L'tiiiihJ niusi diMiH itui in ^niod vflhi lerbf il nsueinih ^iHiunem 

4rMw"i' lAl'i^li.l'.vrif^lfx B»il£ifcTvi|inBii4wh«i:hn>lr>EH' Th» 

feiJtf iJ i^'truuffii Ebtiuld lUMK eur iiiV'tf uiKti; m luEk iui£ih:h idtdt itmdujdi 

EnlkHuliiin ijfi^hiiJiiiB fiiulii' K m ifafucuin' vii. iwu fwiih Kk I D^a limiiJK ■no' O u Kkl. 7 
'Eiefln. Ii should spjLuJ uapluslE «> ruuiKih n iIk pl^EiEil sfKntki. 

BiAiniiMioi. jnJ iiiruniiMui :4:kiiLis uJ IuhL TUMurufa LUfiiiiuL^ by th: I Jv]ur1inLiiJ iif 

IhKfiTM (IIX.i|>) ]p<(nl jtlEhlint dwE wil rrvin fcl tlKn' ihwld be 4 dEnvvilrrNrri m 

uudi irr^HtjM THibi ^ ilk: lifr bi:k.'Tm:ci E^KiiiE. »^:^1 Hi^lHiliil in vrurM i nn | nr 

Ad i^Knl Kidhots. A KilEiKnid mvirt'h pctlfolio in dll TwlA uf kiois'^ and (HErhwntfi. 

■ EEt'.lE'll lln.Y:Ck:iJ ULIK pflMjpcdiiy. Irh.'TEuulAjIh.ltkldlUbliEi^li^'^IIAlM E^itrllUk Uld 
dhEjnfdfihE a^uK» m rum4 Lu out dErou stv^rdl dikTiiiKk LnidEdliTMrTlE ihdvfd N 
uEliliiilcjE^^llElE'Lij rd^HlililiUdE^ locMilifuElJuliD -ili'Eifflui^ UaniurnilUl piLi^iJnhO^ 
jiimud ind rMlir^dini lirndd to ire he iIiiI Epptif mord pfcniiima 


'lire LrnllciJ Lirri^h vjkmlk rrKirc m rs:?k:ij\:h jrmJ ilev^liijwiikiil |]H iKnn llw 

reMu^lhe'U7Ol;'dll^h:E0E^Eefel[1id. Ai nrn^MC^^Eet-liuK ■ bli^ t|ueEiidiuilih to 
jr^h: Ikil LK: I 'nrL:J jEUlLii. ihmlil rm nJ mm* Ilian b jlrsiMik' iKk:.-i to RA.I]I. FuliKmuih: 

:fedcf il EpadihE un Bdiddfcnae iXEdiroh keiiI> dduhlML diler iidliliun. ^iv>in ^li^lly iteek Aen 

laU Killyin to R" IdT^ In nii^ly liillinn to Fi' 7 IKM.' 

I Idueder. die- aioniniilldd KefcE'dE diiL die- CEinimitirKH bi bEmf reiweh. pailieulirlv m 
dUifEjiE^ul toieilL^taa. inilJinnidy^ hi J cic^ieisin^ ii iiuElcifyiili:. In IWl. Ilfc: Fulfil 
tdwmmcm fundtd mme Ihin 6(>'d nf ill L'ii lUtU. by flidZ Ihil ihu? lad I'dlkn tckm' Jifiv. 
Iluin^ Uir: atoilc- jiciiud, lJuc ton kji i:!ibujiiJuuj\ liKhnud- in -jiyirtoiie; !R&.D kjicndto^ l]!AE. 
fijT EEHhpIdi tu'w iifvin*- nt*™( Ihw t5 Kjllii*. Kinieilly mitof ihm llw drtir? fcddnl KhIblji 
fOl filto^iaeG ito£Kn±. Qin^iu-iei: lUcD liu dhb Imuiiic IH: Ibtobl^ii ed lit: Ftitl} 

dnEdipfiaMi. Kid pl-^nniii Mplaedfaddnl rrn.E«im(ii 1 iTi^.il?. (wmamd auxiEiitokn* fund pal tofi'E^' 
Imk bilk KidiKh liw iCiEml reubu^ buk roHereh te^iheIIv ulFen ^iier t^nedlii to 
nnwly ihto In *5 EpnpMiira ii la jlmnat Ky dijdlniiirm rrty .an# ahiru|vJ<Ur jtoi'tonf I’nf iJinti-lEiTn 
KEulli etcfouriiftci luntiErm. spMuluiEe- iiiEiemnoix by todiutiv. 

iEIiIkm^K fejEral Fundn^ irf* xi u iih^ hn iiiLTiiiiciJ in dnilij L^u, toi hliar: id* 
fc jlpOSE dOeilKUe pr3dl>.n 1UI W] dipped Bum <1 1^: to IbUIE Q.VPy U1 3DU} (Fl^d 

yutotk-mniarE, in ank:r£ Xa^an mufti uF Ilia Raftnl raacj'L'Ii tojiJ^I kn haku KhiFLad In Ilk: Kfi: 

E«k[to(i. I'lum l^bLo ilQIJL findinc I'ir Ad 'Idili'Hul InEliliihi of I lenAFlJ|]lh doubled: 

Firrmlin^ frrlK: pFivto^ aiimua, aaaii"arTln|a ainj miAajntoua kcc r^mjirhid nfalih'nis' fill IIh' 

IJ ^vmiiriovn-b-iK 


' Tto hnla aitodcrni ton.DpMiin inxi mjam nJurnunnch Eualx 

■ p pi FElknf t)f [to] er •a^ife''' '"Vvipiki .S£to>k.ia (toatov /<ff K 

’reipdiWisHADKawm rw-hjViKfJVuek. Vpi 5WI 

piti;.^KL;Hut AimN vtjiiiLi!'.' frz K<imiir> rait lidniw 
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Ibii4-^l 

ilr>i 4 hEr I^WiL rf Vlc^: KvKwh t'un^ip; 

111; Erwnvii^u fuad ErwirMcJaiy liiiii m^n] ri»{uMai4 Bhrhl^i Hal carni ^ Iu4n^ ■ 
n4iBl LLbI ?J|^lisiitL aiklihumiJ fEitT^ (ik laifmrttsJ. IliETTaiunEdi IrKihEilr 

faE FHIimu^: 

+ rc4Mrch Mid 4^'4ciF<TMn -^ii Is tn 

a>d 5«Tfemi:i #i incTEJK I HAI1 ipoidin^ I'g.nv^rTwul a d indaki | hut rerrnirMd 

rauiL^li. Hmli^aJ a i Tcn-cid^jc oT liriruni ^BKidL prniKL inikiMvij Lkil rprnJnK 
Itrl Ltvl ‘AiEl’i iFiC' rii^d rfUK iKObM^L. Ifec fidLlkb OTAc LS- FnladJ 

•^K'ffndvupy ^Tm4 iii KlirK4 hwi nrMnMI pmilull]-’ Tnj 711 

V •Nraudl rhmd^HC rcAOf^ Iw ihc EodlciaJ ^mEnwncil kai nciHv dMhod m vcul Idwu 

liar jOTb ufJ oiECEik S54 VUma X'la •=nun iha fail Id dtc pal«f lla G-7 ■afKnfrTiB- 
•I'^titirivd. ChA^rTfrn^i oF<Hx^a Mi rMt-nih li IrrJHiMij ta. ni\ diidltra -aid holirii 
III aw^ pf. 3 . r<r^if|ji «t nnr 

V ^ddllwiM ToiaiJ tuidji ihmM mtI he envinilicd irrAfiJl In? pvTi^rTiTin^juhri'iLihHi ind 
irTiinn :d rviCEsn b mirr ikmJ ujh fiab ai vnlerTEELJvH}r Irhnuta a FcikTidl RAD* 
flMIdt ifa^l te biMti M spuclf^- ikdii^nirJKd Tmik iW^t iLlfi 2 ai^riuAkJI Mtdiriiy 
&nirt\M H dicnafev firdt by ffa-Eh pci^itie. 

Kmc Erilk:! Jin imiT Jhul die iiiilla|i^ of iairirmalB^ 1 nfaJ irratiK in rDcmta 
FuiAim. hn' EiiJkTiriE. lliCy »4‘ dul ikuMq ll^ Kill IpuJieI i piniiMua aniv. Il i^ci Liiit Id 
ncpiK mil and UbrrM»n-' bjki. mi# by dw rlrwi upM:¥y Iw ilw p«4 ol >4id|<i 

■ Lmoci ha’W ilTBEd md meveWn have iMti: Jiv n rodj«jar^ I Hhqru kar lhac ruJIrnsdr^ 
lUjdiul Jiitli III linE TiKDih it3i ikin rawici ava Inm dte LunncEuJijrriiia ^prta buJ ai j 

vMlkJ |ik1 uF Id J/iji-iLiMi a^a\c«. 


HEb^HL'lU.ICA'nOK VKHilCXS 


^3 


Vitkin 'XC(a lajjlilw 
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■m pqa ^ ^ IB M V ^ 

rrCLiRriS-l Flnbi-d’iMinl-^vd^liri^ii illij-a arUf! grvw ilriiih^iiu ]^£iilu.‘i, l93^1-2DQi1 
JOL'JC’CE Nif Ihviim cflirnEc JL-minEi IMriiidD. ^.f.bvavA JOrwi^Bfurw^ At'jowers. 

■uui ««. ^k. D-f. f^oMeitadixsiM^auMJaisaia^ilM. 


Hh iOH pFlhF !S!it>onri SfunKP Fcvndriioii (NS 7 ) ilLiAHtti Ihr Infidp. Dfqdw Ihr 
■pMiF'WTsm'w'T in iOU dpriH* 'NS Fi t"hrbi«' n'-'*r n f-y™ pwi^d, tIp Hjiiilinj hap aAr^JIy 
ili(TKip«d ifl i¥np0 ?¥Pii5' Tliip aOklP 'htOi Opp wimbw pnd ill* cnuil pin cf rii>«inidwpr 
pjapoult' AioiUJ ]n fbr anl^' od -lU prof«<dli Ipp wtri- funJsd, Of 

InniHl pnappjtioii in 1 i ytart ' 

UllDHlvly, 9i4i¥«i w m r«mrf h liindinf m>ipi bf jiudiiiFJ bv Ih? r*pilip ihN: an bi 
•7:pw1"J n'liw ll[pn ^^^■ #¥ ■"ii#dipTin¥ifl b<"l|yt &)! Uiwv pf ^ grril -fl*?! 

■c^iilBiur liHiiy Ijipj du- IHH '%j¥-ptn toil lid iwordi Imaiur (bniliii| unH pii4 

lUiow il. fiirtbamm, budUH pPldLk nPAadi, ia 3im dtclmcd L> luppocl tz.l b<llii«i in 
pinipofali Ihn tl* raL: p«idml ntenul PFiiicnrai. nlifd lu 'pi ([7 (:«>d oc CKKUtnt ^ 


’ AliniLtoi Tor Hi A^ltoKrtonl vf atiKiM-. ^filHra>£i''f±H IMjwAr/Ht .tiO. Fy 19?^ KXH. Nbi. 22 . 

ZCUJl AwUlk M 

'' 'NtouiBj SaiiEi Ito bfuc IbtM h4*iuiri .^LunH Ikitod ai ib-TtHmiJ nuHUp-rnuiitoui'j Utn liivHW 

Ft«#HP n«id Y«to 2H>1 N?B-bVl2. ^ir#Ui. VA yw. .»W. p T 

^ Ji-ipaTl ofLlc bdiaui Uckke Etovd h. Ae NdicaiJ IF<naEE FcnddiEv'i ycnp hnm. Fbn] Vn- 

:HH|Uf 2in]hAltoEp™.>'A;'htomlSEil^ rEUltaui pi.ai.'p^A 


«<l 


KEE.J^IBJJCAnON VEHSIOFf 


I'ebjum' JfltH bVk.'kie 
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J-'KiUJll: (i- 1 1'Tcrids LD Tcdiifal chcu' tb: liKicderi^'tv lurtuiin^ rapkl]^ in 

Lilt' IWVf, tfmilinj^ Tar neMvth in mAiJKmia£!i, ^'iirnpiitH foituctt. die- |)tLyriihil UMiuia, iui J 
cnjaetcipj nouJntd rdmvdy iiieiily. 

myirriCF' ;^i«n£^ ^iift(npln Hr tMt i*!! 


Thr DCiD reKordi pichir: ii |Hrtiral 2 ul>' tnndljTijc ei ihif ctpiEil. j\> A;? US- £«nKr 
Aini>4 S-itwi^ik Jm# n.'fltil. “iii™tmwi* in HBk r™flji;|i Ini [viiriniiiJ 
Hiid m Sw- ^iimJ nil Tnw-t^rt^ Jiminiibi A JWl Rt»npi Ji f^OuTMl i™™|'w 

fiuraniM p "||| iiu| brniM Ibu frtiVHlnl lin Pi^ItTIinil -tifPiAriiu trtpc 

[»«ify:h hivt; d«4ia£d jubtlonkilJy avcf Iht- p« (bcuh."' KicdiKluHit' in fiindin; Sx baiic 
miiiKh M liOES-in 'Ihi' I prop rami''— hwE d puiitiiliuly Impt aHutKC- duliidt- Ihf 
d^pstiwnl. Pbr «KimplF, DOD fimdi *0% pf ll* trupnmini; iwRndi pnfomipd irl imPi'viin'tKi; 
ubdiidirQ; mpn ihnihrirpfill mtoNh mflKlrkaJand mcrinnfiitrijsiiKrmnjt.iJid 
btHnr If mr<h ui mlhmnlirv nnd cniTTpqJjr iKimw.' 

HIl: IdlJUfiiUiU'iir'nnn tnUL IuiCIiLI. II dttdcnicci] hy firwinllv — III ditL'iiIt' Altai 

dtkpt' intJtdA ib|ili vidpii; niidth lntliimltij;}' luii -tiail-uu' ddEiiioy ArbAldnlltilil infbiiiidlitiii, 
om^litin, ctimmmiKditm, ontt wtulhcr f iJeDitnr; uid preciiion mnu.'bindi. [hit cIk imicflmabi 
po^' odF iat oniliu iq)pJK«tiou Bim. 'Hit liunij!!, cpmmmKoCitnif mil wtodiK iibllilsii , ^tobel 
ptmlioninji lfclu»l»p;y, iht rtindirdf dml bKanK- JPJlOl, and iht Kuch Irdmolo^ w it»d 
by Orvslf *11 hfd uiqnip m DOD Iibiv ivH>n4 lulm Dwpbili nid 'Willniii FVnj' poni u'li ihHL 
“dll [[>Ypir^Biii iwluK*Tu dip* ifi.ifinin Mi linl ^ iPii"! f n«v1 -fi Aiiiidipiii 


^ Tki biuii iln]bd.!1if\uii rnuiiiui. Hiptil imnil iwwipwy ni t ilMIl Tki rVHL hLvu^ nwlwa 

El. 

'' r4diEi^J.iKnL LnxKd.riwmrtf Vl^pfln. IHT. 

Nsitflil iliatkiiy Piu. p A 

^ Midi end: XmatL Ctuic^diimfvP'^Dl^iKl'nf qf.DilMii'-Eltib' ptKd>J, W^itiJii. EC 

NKmiJ Iiivkfiy limi p2L 

i>llL.E^'BI.ICATJUN VRHEIUtr 6.3 Ktbcuuy 3DU b'lliOiOn 
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wkulri' lnd«4. it e ^ jnimac;' rtiHti Ihil the L'niled kad; ike '^’af U 4Hljy m 
■FrfiirrMliiin livlriMiifl' 

'Hirer Bi ulii'i JL li^'iilVjML ftiini] K^DliUil^l 1^ >'uc FS’’ ZOTIAtIic 

DXjI ih M.4 Tilliiiri JCeitiA iJI Hie IJ^f^unitkaV d* I loilll^LiJl J H^ikin dMlCkiiJ. 

Sl.j hillian ltA.L) btid^L hin Didv a irrull p4nk>n tl I Z Bullion kseinrurlied Ter tjsie 
rrwHTh. Ih led ■aill Iv tk'^d le ipplit^ rfnyw ch IWW inillitmj. IST^S 

nvillinniL mhI fanililiK end yiimifUiynl 4S2 1 <> million) ^ 

Rwk:ii 4iT|j^L<iJunh, iTiiiJr BrKvitf kvi>, iniACmrv LH'ammmm, iHpwlihijn ui 

^luiiiir^ jxHl fKfrestnili't'ti. jnd jnd j^deniiL'- hot'i:: ill renefjmL iho emiti:il 

deponuue ohHmtiied HJiiU in^esmieiu luroou^ «ir ecetumie. njilrun.. jrid jiKlIediud 
i]nd<cic<47ibki6-lx AHerreyieninu Ihi prefteinkiinindid in 4 m liMti uid Mherieliled 
Ricil^riiV. Au ciifiimill%» ULTn;|iiial kinl » 111'* :<IITHB|| iivT«^ n^vrsi 7-y;iq' iwiiHl H 1 . 111 I 1 I Ik 
Hf^inipfulc Thi" llic iftHihligiij IhMl wji in printirpLc pui ijf ihu ;VMh"rk^VO 

•it K43 hiB thuUld ejt^iBBd IL lMIMt Ig^kv. OlbdiL OVtf X ICii'i^r [icIkiML Ttc euiiillimoe' 
belie^mihil this mlt-of |^uik:liik» an ippirifniiletDlinfe iMlw-eolk wijeao'ofdK issiu- 
tvirq; jdifaic»ed end ihe ibiLin' ed'llM reiearch eetnminntv K apply bcu futdi flTieicnllv. 

Ihp ^i 7 TTTTTTTll!« ii [vi^nnimaKlinE TPKinI rtbniinn 1 r> ihi ph>'^iJ >vime 4 i. inEirK^mc. 

REjilinrudiLh, i^£ UiL iMfimiiulHm ikbI Li> fX'H^ hniC* roi^nili lii ibAcvc bulijiu: 1ii Uk- 

■EJiiih'i icii^ruh ^ [hid MK RMiidiit lU Ite ^iwiulimi -nlTjulli iilctbi JiiJ hkdkd 

peofle Ihr the nujoiL'i <i.' 0 (uniy ind nuuiiiil and luiiioluid senriL;, . htou otutfoilh.. ihtt dtK^ 
nol mean ilul Ihtre dwuld h< a dminiHtmnii in inch impnitnnl fields oi Ihc life ■’cimoei' nr the 
iwidicknoM. A NdincnJ rr!»i[eh pnifniin mall ritkknfKicnH nnd cncin««rii£ reiKar^h b 
Vi Tlli prit^T^ 

iiklraoiHl III ilM' XiiieiiBJ Aiiideruji^ nofon rdAeArurq^)', ^'iubiiiir 

(JatwjiHiein'.'l^i:iriot(arejiaiird^'a.Vfvlt>'a Om I mud liifuii nee^ i» ba- omoBg Uio worU 
!kk(kn in idl rields cd' pjMap.'h lo Ihnt h m 

* Iking ihe- hm dyubhle- knemLod^ I 0 hecr m prothrm relelied 1 p luiidnil ehjeclivM 
4i''<n irdvil kiKivrlKti^ appijnri iinexpiKifdly in a fuLd nni Iradilii}n4>' Indeed to Ihni 
otii«lP-Ti 

a (JuidUv r^oogjiiH. axiddd. lUd UEa- dHponnU raji:iuy:h nuwilb tiui oeeiir 

^ Pii^iL ilUikiiLa ill ^\nk:iBlm t-ullei^ mafi Uiiiy-criiliibi b bc^miic- luiicri iAlUj luj'i eKInid 

Ek I'roinkn cd knowldcl^ uid apply luu' ceecepli. 

V iVlrHjlhc lin[h^i::il y 4 ui|^ iliidciili IhiII| ^'■ni 2 iliL':ill^ imj jincrpmlmifidllvJ^ 


'J k1 muhitdW JLPyiiy ^jniTLhmjvAAdAlityiT litw Vuk TIHei. Apr. I ]. ^!. P 
” AAA^ L^ukta rjarrh a. dMJ ■ iVmrLauJjAciiTip'^ltD m itu Ariiydf :ri. 

h?p .nil'™ 

"CG 3 EPJP. fLiimjT. yin.-kmdi<ji^. igaPAp .RiArtidoViiiMh i i T- ilArhMWGuwi].^ u U-i- fra. A’ulwidli^L 
I£ SibofmJ AuJuiiit E'^kb, IW3 

HRF:-P1 'M.ICAnON 6-h ychrtmJV 3UW Kdiliuii 
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R 4 i nuiWi^triiE-v^tiNi^ 
duf. $^'«HiinH'':n 
nd P.^«(i 
Jbpji*, tjyl-Twjittt 
L^ n^iicukTd 


L^ CinnBHa m K^dnmJ 
IjkEVliy n Ik Shd.L'DdiJT 
|Hii 1 -ki^w^ 

IM'bib ct Uifnc 


l-Vudin'iLCdnal t\ Airmn 
rvi Jcyru nJ T-Kt¥¥Jp|t> 


I r'ralihsi rf I 
I BiKiomjnHj iRchkla^liS 
llwiher^rrYinvwci h'kimi 
^AWEiBui eJ'Marjtuim 
nd Umu HiuvIaHc 


Lffltf » RrOHdMl C«lli W 


. 'S''^ Al/tuziMjn/ 4 d.- 3 f 
, Ih-TthUith 

nmii- 

■W-j— H| '>nii 

' ^jomzif rtr 
Jjfivmnv ^hmit 3 IL 1 


7*^^^ ^wm “c JV lviiui'. 
rtari A'^k/uuuiJkvAvinvcorn 
ImaM, 3 QG 1 


HM^Miiiijliri 

Trv^ 

>lK 4 (k 


[ynhk-^r^ifF ki^ i:*n 3 )ron Id 
O^t^ kikTmJ F!££'b£^.fa^ ^PlU 


li Ihi T*<i d iiciaiJ IJC^j 

bu^d^fiF-l^aiiE KioKE M^LpJwm ifc^ 
1 it^fuaJ uoaii md 

ir^.iTmi|i.rTili~g^ tm 'cDCicarih' la 
pnrr hilt Ike IrlruyncB Avrit« nsd -I 

ru^i^cki^ 

IrvTiM pfiuiuij^ rw 

luE newdi n iky phnxX: oiiiruLVkJ 

Q., ind 

\KAl tKM ku Ti nudr 


lAT'ktaiiwi 


HSc^Ufi 




ijmr^ uvir. Eiir. 
SiiuDnrdui rwi bufu Ana 
Aid KakuJ I'^ryiB iuioi. 
A^l'^nru 

' L>^ V Sn IVk DMne J:i (E- 
icti,’ kfe(t. 4 i). Cbd-. EnU} Md 
Hi'flHT [V»<fcpi(»l 

St#ieajTiypii 


IruiMi m 05 | hlwikJY 

3TK, Am Ai rv 


hUpCird 


At P.'vwm'.'/^ AijurJ 
Mf Cv^t*vii un iW 

EqjUliHirl Qf 
Ar.'i 4 hM^A.U+.¥ 


liiCrMtr fxMi^ CiC DO€OI 1 ri-<?r 

iAWkflrA-kJjLtfKiJJ 
FY 3 Wi$ rin:ri:rfH^M 4 .<ii ficrew 

iha IkAk liin wTinfi'i l'~V0a ria»« _ 

AlC^'il ri« rp-of COtj' "' 
ljuttn Rir Jtlaitr MidKf iWurfutflOt^. 
ikTMd kMSOCrbrilhlkWU'liil'kirit 
im IXK bHKUvh. nMM[> -WHI \» 


FniNSF nudJr ■! Nllm 
nluJi« 4 bvU.li: ; HiKn fLi MD 


ABEGE^UTIi^ KJF. fhTEHrFiu^lin JXX>. PigHliKilMri^fEK. KST.Ndiinl lidItUc Hf 
S^j^d>ihdT 4 d^lufi'-D 0 E. filutouf 


P«F,P|IHriCP|TinS VEHSKW A -7 


FiAnun IfKUi FiJiliin 
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AC no H-J : Piuifi -4: 'iiv«i‘ 

IhL ftdtf d ^ muMi JhMdl huHidli I. pifiLijf nil ii'i ipro^Lde- 7H ntu recnfcli 

^ pjyaJilf ll^-i£^ ^ y^p:.. In >iifip:Mi uiirk rif iiijidnnjillg CBrl}-'~op<^ 

n^uvlui^ LTif pjui \\'C(jld IM- IiiacM t>>' tCiikral icdiKic* (NUL .NKi', l>M>. IJUl':. ind liu' 
hijttvflri .-'wn'Kindiw Jod Spiff .-yniiniitnrikn l%!rtS.A|j tp ■indf»v.ril+ rww riii Wi 
iJffidruinflKt L luniuiiiiusadd fM-tratumi ItbunMorwt. 

.Uxria HJ,<nQ pitdflc bdid tcicklhnsdril ifipdnuiiHij In ttd VniKd 11 i4h 

cBTi3~ mfinihaTK VC pirl kiiiLir'K' impM'lMjil kruuvihcy nflen iru llkj [Ivv^rn-'cil irTTL^'iliirK A 
rcfM n Uk jnicnil SkJOKC siohs Uin pcildcclixil utHlirc (Uuso wlw hid ^imiilcbid 

hill whn hul ni>i yd ifltiinifl L-flE-ifrm pnckinu] iffcTippx4i Ay^i of Ehf [in* 

iuihois 1311 IJX! JKMUyA Mlld'^ Jl fdhllEh^ « 1?^.'’ Hdl^E^'ET. tU fUhdmg LdVd 

^ujiirni: TTisrc nivMin iJn'r :fiU ai riK'mri hijnmKi ^ighiia*, il hi.i turnrk: ■utl: (rr jim:r 

la laid AJfifpjn lar \it^‘ ^epdidcrn mtjsdh. Qj XOQ. thu ajd* ii ’if hkh 

iniwiipdcr' T¥^i™d ■■ flrt NFH pranl ■» v. 4J Itittti Jiml JS ycvi I ^R| ''' Al KSy. 

Idr Ik- pcKtnJkc- dl'flu-niTK ipplKitins '^hd [tfdic'dd jcrui Junding fefl fNm iJS m aXHI i» 

IfecnE'ii iwkkdicf^noc niidn^licldidi Lhc iii««ffddidi>nM'ilrcHdfc4unjii>liii^ 
pcuinljijci lulling lii^Avil TnJiLitn'T^^r lliip Jralmuf ^a:cn1 trwndi H^^pil IhjI TTKrc 
lIibL'-iIIu ii*^ IhC I'll'EdpdjiijIC- rilUd*!' nid Ikd did dUiiilkni df [idE^ddiurjl jppuiliUYiciiU id 

iiKp^iiCt pirtk'ilirih' in 1lw lift nfHiKn '* Bri nf" fvw*rvhpn f*f < ■? rwsji 

df klifa. 

IbprdbJfm iipinKiihilt> iKvtdmlltt hir» n i i f-]l Kitncv; In in^vniE^rtopi m4«r 
ihc of 40 lyy-dicidd iiii4d dmi luirdTik cviii|KiiiiCd rcdcik'dh iMCddd; bn. ZOOO, ftnvcr dim 
I TS nf tfwM jw.inji Iifnl In Bfwrvtvn mAfrAiy' ' jlcih ![k pcivciTiPEi wH #4 ■jyTphp' nf 

■M;uilk nuJu ij iic^ mh ^li^aiiu^-- ta^dlfii lid* iJtijIirfjd fiD ftcS ^nl V'cij^. drift 

im.'4**ipiHr' iwiiciitl fc^r Ihm 4‘» rf NIH rriwre h .jninh! in £^>3 " c'l™ « niKlinm i' (fn 
IddiL-nii.; b.HIWdlL'dJ ri^uTL-kEl ITc i^nJIli^ 1311$ [MCldi U did tld^llAM|fC dl Ihilr i3cbbdrd 
I wMd 0 } ]ci Ihcr (MU reidxch drwliiw rr nldtkh ItNir ndcpcmkni'E. in'-incppKxy 
d»i,liLV-s dbAiiulinJ Indllnili Cu- rE4 dir iMTliif ufiliJqmldf li mdAiib- nidAcC Lunliriu: 
inwpHii-ilhltwirpcrttbKvifil unrk nr '*iril i^twiwrn f nnwiv^iivc nf'fvrhptyjfcli-'' 

FwliLininb iibnio. vr rcInjtCbi lim,^ jldiin^i »f Ccndl fnJcriJ |iTii^tiiii ji^hiI 

EHly namir MACircheis m ftnund-lnck «r H|uKi4knl p3'tlin». llin Nil' I'lnky’ Early Carctr 
□idhdO]in'ifin iiiiLcii ^!0~K4iMjddijiruuiBy, nu^ii$4nfiii UDDjOOCi lu iiC vly SI 

milliccBnLierjiicu^ln 'Otpf’Hl crddf ravii^h and ediKUion.*' LonvcpondBic IX]i|> pmo^ij 


“ biiUdniJ S-iMn FiMhdlllilVi 'd.'ttCO'AJL lilqtiittd kihyd «liJ ElllindlAt DdU E^i«H AVvJMrill 
1^ -m •.-wam ui ■!■■ 

" G V>«d A ik» n IK litrTi kvHW* k £fiirK-f Itm iftHO ISil-bli: 

I'VVcnJ komdi CCunl Sin^bi^l^-brdf^fTidCTW.'Fajimu; CbvM4kpvTum.ii uc 

Akir^m. -LL. SiLnJ /CadEnia lAa. ^Kld, p. t7 
'' l^ucol dw KnmJ vinous ILiwdocihc hihaid .Acmi Pomknoi'c LArn krriav F^fcvji^ PBOri Yif 
]nil{k'kr ?I11J jlnhiEpiA Nncwal Kf yui Fondsirfi 
“ bi»ii™i Rd*t«nS( cifipifil Pnt!i4 in hkijw'vl'n'v ^ [ii*y*i*wc 

Jl'wATfV^y'wwn 'd.'i#injo>n.'PC'Sin.™i AfCpJimmRutlbftVp iJ 
''ihKl.piJ 
"Dlnl.p. I 
" [lliml .p I 

d^KjC] miE^ .boddmJ dc ncdivi ivaLladinJ acAii nnSityiMi — bckm’diri qfiJI Imchdcr'a dctTR 
wapKiD Ctli.Ojj} n Lvpie Ajilj ilKtafiwiLloii cnlfn VI4I, ^Iqi^IcnEEi; Kk-iErc^ddl 
d J Toncv Nnml 3iEurcE Pmfkuw^ poKuJ EocomMiakiwi 41 i^k HILY 

PEE^VL'J!LI(.'A'L1LIK VEI!!jKy^' &-h hebuju^' JUW UCK41 
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iaihik Uk IVTilu Fd'li,' CancBr 'Kcicnliil mdl^irKO' AuvihinJ Ikj 

i'jiYV VnjnE JiwtfliEil'T 1)i« I^sid^mul baly Chk^ .V'iad hi ikMoii] ind 

Kji^ri^k ik A± bi^TcJ dilMiil Rjf ib Uk n'ly Ul'IlKif 

h J(JP5. dioT< Ji KCASE Twirdk mil *i A nrci'iddJ lunJmE rfSiWJ.Mi 

l^dl]•ll^ liM' i vtii:, fFibk ‘lilll, ihj tt b ui\ Inuiifid bl'Uu pokiikn.'Wdil n^ir^h 

pifndijkfi- 

lii riu&iii^ A bifunriHdiiilJiibn. Uif iXirvMtiubd Je^likd i» iht ?Kr.\b}; n^uA, ^ * 

tuhLI Hir lliE mJi^diMk iiitJ Jimliim at auir^ In ^jk:nninrT\^ I Ik rmanh.T riT iiWjnJi^ Lkr 

■.:oinvnill«< n'MaickrcJ Ihe rrnnhfr of n^^rdi m •iillNr nwtrd niy^mc -irid Ihe -c^'enll 

TTiEKiiiJikiKM uTL&t c^lcnl iiF ilk: fm^arn 


TABI.rd-J .1.B 


I yi^hrr iiF PHJ ASti Ataum 




-^B*ni-‘v 

A'JmrrU 

Kkliiirul Rcibil'u Tounffadkni 

jn 

Niliudil IncliiuhHcf IhilUi 

i: 

l^cpBbnnl. iiF FIboii^i 


KkjpumTwni rir[i«r4nr« 

* 

I)c]-ihGxii>ii 1 iirCiRrmcrJr 

-1 

PkiPHtirifnl fif .■\jrifJ(WT 

} 

‘ijilunil .Sef«aMiAind!yf)HM 

.Sdjmiukirjiibn 2 

I'kpiitrTk^l nf V^nii i-^/Tarn 

1 

lUI'.-U. 

J3 


Af 'TriOiY H-.)c 4Jv.ifinJ UrucjiL-fa iBuniniPBABlIim ud. IWIIHv^ 

Uk yiA in^ml iImuIJ udUUbtfa l hi’^Apjiiil filTIhC Ca Ad^suiai 

IWmThih Imunm^lK+Hi 4ni t’KilHiei 1 d mHUN^e- i Kind 4ri:K<l millKfi i>jr ^'idir ■vrer die- ntxi 

} yi^ta^- iikiJh IJblbi^i CEADkH.'JLtui ■£d'-EKbADf|^ liji»&. hid iTbi^uirBU^ ^Vi - Cir 

cri^rpLvt^ jndmiinknBf^E i^r r‘miiri;hlWlrtp.w»c|iiripf.l|w iwinfiicnlBJiiin.iiirt^w:. inrf 
Odl^t itMittaLfsj rnc^di^iv iKfll. L'niV^llJ^i riii J dir iiiLuiuJ 

Lihofilimpc wiMild i,ufTifuLa ^riHlh.' for thf AnHc 


Adi-TK^d rfr*cM%h nViwTMnlilirm ^ ^ ailirnil v> nwHalMl 

dhCJIVll llui tiUAC:llk (Wkl)*. Fuf rUllipk. <lj^ rT'Jbd ptflAtii dl p&Vikt ytth MMikd dl |J>^ 
la^l Ji.^vpn:ln 1 >^'nwdrTiip^-rfiwiT rT»inrt<nl 1 idirHJ!*B\in^|iHfrBlJwi?hi^TO pnH^^wiinB 
iidiiKlir\|t ^ 1 ll:n 3 iil^ 4 fMG. liwr Md kwtml p>mii-k -dcH^Ldr^ md did- inwBJWd 

Liruiii.'" Five hliilKl pHi'fi in clurndn* ^lti.' un lor hULiu«nc |j,rTKrjlkiife rtf Tracer 

nftrnrofTrsu^ irbU'iiiietiis uid^iplkttfcfis. 

.^lAunuif in^iLnkmu^rina unJ^^ihriBT^ ii iLHiiclJ ji n^LnoiicnUJuii iobJ 

fiwililif i hw>!:nB. clrnily nliiml inkractinE ¥iPlrvm<rTtc iiKliifci!- rwl'^.ifkp- ^ ^^n^pniv 

•iLdaluKi, uni L'y'hniiilruLjlJL'GUri: /ARIF uc ifiiliii^iilKd fiiiiii -^I ki' Eipci -bF hrJriBioiliiBiii 
tn- iM hnij « Ihil H pB^iiiRi^d ^ Ipr^ic^k ^iTTlfn- itt iwiivh pn^ip^i 


^ MtifOid liritKi Bwd A.'krkV JFjf TTn'A^-^ih' hWMdl 

^^^rMH'FPin^Gvi.iAiUjqlkn. Va MKhP^I 2(K>iLp E. 

^ i\ufJrtin .fi^ibii^JkinnA'MjE'Ininrfvnjn mlFdnEHrx DC: A'ri'HnilAf'iaAnr 

JWj3.2«iS 

■li-^ 


MRH.-PI iRI 2CATW\K VHfNKUK 


>'.^nEcr.- l]¥Ki VJkHxt 
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r.^k.Tlhiii oiUviikcjl iifAJilFtL ui u^Arrm: nlAriiifii oAni 

rc^KS-i'^bsluiliii maliLulioruJi^flHniiiiwnl ind4l^p<«diofi hi^k'i'^I^CLsian-miklnjn 
ImUi IJk irD<f litfjii jjhJ fcJcrjl .-U! IFjI HiiikiirK iixUiiimii jil uCIm nuruivd th|i' 

iri]Qucii.io<i idrriBiurilLdn I’uf^arnim-. ihd iiJvu>:eiJ luhid- orAK.lt' r4qairids>dxp4n 
kLiiiikal :d^4rFffn' ill -r^xriipti ind mnlc^viu:. 

A rMim >l]lio>iv]l Acnlmi*« ^unniilL:^''' foiaJ lful IImr e b ailh:jl Rip a l^idiiral 

pnip-ifn. r>ir AP.IF' |UKa~rti j^ruiicv ru.firch Jo- iipdruT^uilixlim 

p«#>in:. hw Jlliyn pnipostb fer icpmiiiitaumHi utica itie c^hlU c«u e Rntiitf Hua 

TTlillim. h'li- rcinnJi ^mcr Fim jn apcrmi^'-uiilr AH IF fvii^wn 

b alilliiL'A lilt- .UUFxiiiriMuiicjd iJi« iiuinjnienuiuri iho^iad. adc- 
i[f!pnii(i4' Kijw riitut- fw iti*Piivn*u Tlw ptiiej™* 

wild u EuppdA iiKiPuiunuiuin ivt iptciJlL ivih:ir-;h IWlfe uid nmly d«ui4«f 'tn>ddd' CMdiiillL 
DMit IIh 'Itfnfi^kiin Rmdiiv.r'Wii'lmTKnliElvdi Kiill iip^iniiiliJrT<^’rn'Jai«i»itl>v 
unipufir^ pra^diMi^ nlui kfabit^ .tuMi-wnn iuim tuii lu^-^aitu pn^tkiYa Thd 

inxenimJiWiijn |mvh;;™im. 5i» [wirli- inkEPikd twipai- (jj iTiihinlaB^nci^ 11b hof 

.UF[F :i]r iicMbx utJI urpuK^ J ^ir 1 iiililc lu siiMI EriLiA£i:pdDTX, llic^’ ikj lYdl 

idciiiulcK milch llv KVxniniBilY incrtnuPE nwd fir AiUI'. 

WIkii ful hdilp iCibbiHi :£j^bidL ll li fLiIlkjtdiih -difl hJUll k> iIIuIIhI 

-cnhul i^Ll«aB£al^ in in-vuivKKJlinki uidlh ilhiei. Ehf Ih'sil {h'iFllil reriii^ 

Uul-bLtx Ilk: Lul iLi^kb fiMUjiii^ Cic Ufj LI5- K'jikiiik ruk:in:h vuLi uiinJidljn uid funlhici lui 
iKt kcpI pKCurhh fmdinjiinllKTn^cirilK' ''^ld’''S'alinH'lhil te kIiIIve nt^cDm^lc 
.Kicnu: :rTiJ la:liiiiln|^ nz4:ui:h'=>!>iiid] C'him, imd imc FLinip\:Hi inlkv^ flir 

Exunpk m inv«ilinE in infliuiiKaulicfl mid rKilHi» Ihil sdrcM -u a major ihrioton 

hi kL'kiilbaa fnHil Lbii^fmi IIk lAc^ld rcL'Ufiiiih:it±. uiLTCuiiijf diL klivr id* IIk NSV 

t>*dRn dECVMdd Id -IIKh OUb fiyjlll Ilk ^UfT-Em Z2'b Id 

nbk.'' uid T^iiria h^' iilhcr iiY^Hayaliiim lhaj. piirTi Lh majiir iklliianLid m ILcLx^ 

WK:iK<h mtticalniciinc' inoludirui irraninMniilivn did Ihcilntdi 'JkH HRinLudflE acliKt 

a lib '^aliimjl Rnnma: jnil T* ibinkigy C.-airuil, uhiah jn | alidJ IhaJ 7 hillinri 
UuUld h- liEddOj jUil Id fhc^LlldlEin Inldad^ClUil: jEHOb..’' 

- hi^F. Ii ltk:li L^bnicd m Ilial il lAuuld i:«L S I 1.4 lldidi In i:iDali<b1. ar]iajx. ur 

Nnsci'iiiLd Us ic'-iddTTiiv mwdh finiicH].'* 

a S'JI I, cchich in ZWI ciuiMKd kdhh rtMJiidi' inrruliui.'WK niMd; dl HlKn."^ 
a N'.AS.^ uhich rdjHThd t $^>i.i milivvi h'pnptnkrliiyn btcUdc > ind mii IhrL S! 

liilliiH iiiim: w-nJJ lu tuiImJ Ca rvh~kiJiju jnL nHiiaini^r [hr &rnii[Wi: Kinn.'h 
inl'riilnacwE.^ 

a Ik JJin: Ufiod dh'iCdiEiioE'. uka Kpcrud Hui in 31KII inoro iluii dl'u^ lEtiomon' 
ipKi' vh jj iTKis: Ihin .jllT h^iahc iiIiI jr>d i dfiilirud inuri: flEin $2 biHiHi in iiifiU 
mcviUTKiw. z ntodod Cbr ihc iKiu dtcHk.'* 


^ Kriaml AoikDifi ^CRM 
liiaj., p 2 
^nnd.iY- IH-IV 

"Fbinnp) SgKa nd C^jiipac* pdiaiPj^^hTd" H filAia ar Ikpar'Yii^^aimj-aaik- 1 ftJtmt'rCJr 

IttKillpJIl. DC IlilK EfLWdCOlM of SCWIM ZKl TOdlDdlOl^ PdlCJ. Mil 17. I9H 
^ Mn«uJ Sc-itiM FiHihbuon. Dnnioh A Scirra.'E h7iMitti.:SHiuiid ScMihE'cral Ebibmrit REMmch 
FaciSlIti d1 CUkRta ^ L'Ea-mlita I79t NSF-41 .»1. Arlitfiai. VA NEF.CKi JCW 
’"’Hijnmj IrnUi^ i/l^aJK ‘n.'iaibi ilbuapui lAjfnlnfbCTi.zl'EbracHi.hFacdki. AlppiaE4u lb AdvEHT^ 
-l.'tovxaidkr afClx- Lntdar. Kik=al IraUi^ d! lEnlTi AdbrnLa MD MIH Jd ^ 2Cril 
^ i^anor. Uima hlAIEA nnalou^abn^ uizIhlMirp isdcTEM |v1 al'rcBjucfcunp fh'ivt rfai^pon' 

ijiiiq iodiiieux it, TOJLK E 
HEb-HL in.lfAllU^i VKEHIUK 




H th ni Nil' z 1!K FMUidn 
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■ •dsn.'lnMui. Vr>a hUnc^til in PV 2nOt, cilmirixsJ ^hJiliiiiLiJ iiirrulrudtaT 

* A b4i]t' riUKHi pidc1 CLim ctit4 by NHt, uhi^i -fsluiuuxd iluc niiliMn inoiu per y^r 
i» nf(4wl I'cf cyhflr inrrMbwIiBy 

(]«: twribubr K intaiE-iru.iiin' drikui. hi:; tueii ihd ImpcdimMi t>' Uit- liidsnl 
gcTri,i Mllbri^ i# |W1 »:if--nn r^irnkw^m^TTl lb fur "jrfTTWTLmJr-iliit 

irKludi^i ILndir^ Itn' odbinjciidb. niMiuMtk'y. jjkI dfMrjudn dfrticdidL IbLiUudi. Lirtmieniiidi 
f>iv4 in B«l CH*' n wiid:ik lb irKrvm Ihoir-^KiKliriE on infra ^tiMctuK ind hfi-if hivi lo ;f»fl 
lUih^ fruiii ^Mhci iFm^hiaiuricii Mnbuci h'l iKIiin UkIi ^ ndjiindik in iccj ^ 

>ISD ifiBl niKdrylKn im |£« invidKyii.'b rtim Ihb^' cdiikl h>b ai>l simruhid 

nKwrliPc^ III pn-jtaHii j^nuiJ ■a^i^ie raWiinErr. arc irfcrviiuniiK* ML’MiLiiilr f| 

Id uoid diti LtiD fDddrjl ^ efmiDU dtoH hk- the tbUirv' lu lufKl Ihis lype of HKDjjyfi 

inlnblnii^HV- InHiti^ kK 1^^ incniliiK' In Ai- in. mi ilnl^ pi-v^nuncnJh mil ^ivcr^Ki -dci nid 

hm^inlK HMduroei. IfOt: IfdDrilgDycdnrvKfin Itib cd muiniin ibd njiiutul nbiyiioh 
infranlracdPTie. Itrp iifninviirluTV will cbni™’ to d<o-iy 

ITh: ■•■■■■i^rr.-i- J -0^ I ^liAtiln lu ^tcidUc dll- udi kiLvd 
in^wunKirtalum'UKirjcrtHks iK^dt-cftht lulin Ibniomimtndili-in'n ripUiwidonly ■ 

pcwliim uTdud biiill-^i- dcminil hid dk: ullrTm■[b^£ IkMci'iK diu prc^EiMd xjTKvunI uiiiikl bf 

Eufficitnl Id il ItAuLHpdiDrtHMDb tniopniDnLayBi^lbrU'ird. 

Tfu J -V^adLnii^ ixwnmllli.'u ITuI l^^'uhfuJ llv rcpfvl -im AH |F ruciinirruTuLki 

iIiU IIk WIuIi EIuUk dTHDkiui uiJ Tdulkulu^ Fyhd\ |iniiTP;i L-dJiuiLv ftderd roKki.li 

»B*nr?’ rcHyidirulicm :nrf owiwili™ wife kiinki to- ^]F Kddyral hgcikI^ yotild ■u-nrk 

Id^Uici- Cu- ii:D-:lup juuil kdlh.-ilddHilk. idhdl: Edkiul-ulkiik liiiiYi di^-DniC dsuiiplikA ED pfurjin 

Dtponuniliti- bx .UJK Aji ti duU be umFUI louuny Fkld: Id niullipiD i^ifj«. KOHilLuodiJEly, 

k[£ iKd ^nd iileiiliTv Ihcil pnkrlieiEV mii dr+iiEoc ihc ^^tbrpruilE hij^u: -rtf riinElk^ mHm^ 

pcDfyk. Kxili. UHl idcdd. Yi hKh oidA] boLiinM put of Ab ntjiulir tPlid I Iook: U'Iidd ct' 
M-u»EdnMnl -tnd HidEbl-t’iSTP bbdEuI nwmETHtdmi. 

T^rtlijd:. Bl IliliEi Oflk: dk^.^iYt:dl Ofllki fidd, ffaci ibjniUllIndt tdlkVh, Ihd iIk IyeeI 

nKJfl it ihd* ■yT d JtiliwiPil ODordwilk* olTitd I'.nh it Itw Kdlpn^ CEUipJimlion ffliod fnr 

h'rtii iiThiiiE DiifTniiliiFn Tci^iilii^ EtnearubmU rkLuk^ncnl fYjOrkTYlTn r>^ Ik 

fidiknAl (.'donJuiiiKHi AHtiK dEiMor Jicfumt hi flu direclDi of Ilk ‘^'hilD Itouse UdlfV:^ df 

Kiksm^ uiiI To^tmiIm^ Pldiu'v fOHTPY ihrunj^ ihr KoaJmd JinEEtiH- frw laknilfij^. Ty4 eItc 
i^iDiki^ pddUiiifHU, HiUi-iuhdjendy DEiktiiiip hiynidl'uddt.tdi ihridu;)i dio XiiiiDkil 
C'YKyilTTFilitti lidlitt. Fcinrip dra didd -Id wnrit lofi^Jw it lotlmibdl Hid Itfidcbl pbirrinE 

ThO Y-Add D-XdlllplD lUtdJ UlD ^'dllDAiJ CYXflAiUlkXI -CKIidd U Ilk: bidtiiHIli 
NadKkeYrtAblDjn' hnulin iNNl!^^ Hhich toDidiniln- Itk muhiijtendY tfrodj-iii ndnoEddld 
KiL^u, cii jnl lia:ln>lii|^ wd ii TTUui^od hindLiH^ . TwiEriv-lIm.'iJ Fulm] apmEhn 

pifi:N:ipilc- ui 1h^ Nixk^ibj l^uiiWiiliJiDlD^ lnhiKji''f. 1 1 uhiLh haw ui lift Li tudt^i fiir 
rwTK^fin(^HC'' iATib-R|i4M'..’iIp^ii,ialiiiTF«nf»s"i!llii-ind 


" ir.S DcfMLnail uf Enaiif JETriiiJuPjK Rviln AQUii LiiA vC he DOiit Uivr^rj 

LEj’iiMndin DC 

Muni b^nJ JhrcNV ou'bqivtiwvu /rVrnnnKTvnrJ^mr 4.Mhv7 : lln^ e^Jv.St^vuJ 

Jdlwv ^'iKnfu^m^ferfirri. Vrl 3111 p IV 

" »fp(K-?f fw NHKml 5c4in« Fo'iiddi'di.-tEdiiKiT EAdloif:)lt»iTilltitrwrt RHn>dki«pyf ^ 
FitittniAu CjCvHtyldinit.'flid' ifebdEm V\ NuiMd SCKTYCe- FDUYdUUDrL Ftb .Xip] 

” C-aliKiadGDiEiinnhd ittklm. HjtpurLurUd'Widiini Fint^w Lid-C^d uTDoeg BiHKft A'ddiitpidi 
DC hn-A yUj} 

" hdp -.'vnnk ndid^iav' 

^ lop- Ynw rw¥i |,rA-i- 

intt^PF'lilil.'ATIt!(N VtlLFIOM fi-l L frillUidY SHJ-D bhjhliu 
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-.'4hLT ^illijHvMunj. A iiirn^viJilr fwui^vn ii Ihc Llbn^ Ltiui^ fciij^uii. A|^iiii, 

ViindinE niTiiMi] u-iihin i%hiq bmt uip^ji^ ^ s'wf^dwd rtundi cfT^rt 

F^iJfi iJ irujii^ii will he ih Ae- ji^liM lu -ddUiiilijie- Ilk- iiiiJii|^iieill Of 

pnvoHd rluMHiiJ Co«iduti«i ^;idlfk^ I'iv neiiMcti inlrjilnicruM. tiUL niHilel mi^ be i 
uiilu^^ui ki [k ul'Uir iii^ur rcinaL'h iiE^lmxrreidliim f 9^1111^ jiTu^itm uf 

'SSF. h Ihil pniEiiVTL f II pnTfk^il^ I'M irH*u[TN[iulipn ir? wlwthd 4(^ » ogneni KiiFcg IIm 

rrfFix uT Irfc^T^LC -Vzliv ilicx |jnrA||. Tlut iiirKr llicn ilb^liiOiq ihc fnpiiiili ihniii^iir^ TsiRF 

fpr revkvi'. hcpo^l eriluuHns gre ib<« cvdleMbcd ind pooriiLznl md ^iBdins m 

71h: riJiftk^ iCidiUE^ III ■Jdlucnl JIvEiduiii ■cd KliJ-'. Iii£ finxJi ux jLiD piHjle J U 

iMpporl 1|K iiBlnitiKic hi£f4 on dK- r-elo.ioibfhF lo itui cdfSce-'i niiisioiA A Hmilir HH^huiisni 
LmbJ he iivkJ eC dli: ■iIlibuph.'t In H LHl' Ti^liimiJ CoiHif ruliun ^'HIIlx jLlbiy v ■ biiiiilv 
fHihioB li9 ^JfTioe of InkerMii'^ .‘^clp-TliK 


ACTtOV B-di Kmxnii 

lean Pi Ilf die' biK]^^ breeder Jl reMfirdh d$±[k'i« (TiHJld be ua dude for 
jHireCiiMun.' fuiilir^ niuii^d In' li:i:l¥iii:il [riigjxrn mim^rK in 'Aku a^aixiei bi leiLibi’^ 
•rUL rc^irch. 


.'^n TTTpiirInrt iJihvI •*€ ivuaiuh m Ih^: •i:r1rW'4'mTuliw; 

KV ITWLh£-£, W iDtfa LlliC Bfd- DltCA dt1 eijp«d fe4> IJ1h'«1II^H1 Ad-^l^p 

domiin^lT^^ rrufJ likch In ndJiiTil •fi>u:^n'iEi -iv ncu Iculwiiilnpifl TK:« 

OppMIUMiet ale Trill Id^nili^d dl Uld- Id^dL, \HC b<y [JlilLrilf:^ ULiflL 

Ymliv, l|in~r ii hk^jLiJ in iilcTicx' liU mml harricn fn'.'u rrdiurd niliiirfil CAfi 

kkMi iritlL hifjTHpj^'dl' wi«&: 

1 Fl^ lie dcelhraf^ Fundnfj. in mKV 3i^gAxufii niakit^ il huidLT In juJify Hily iir 
LUilltauddu IHIdjeiXl 

'■ Tlirpeu rEleKW liiiilcMi Id rd^di C^L^UkiJ iiis^eeii^en WlkllieVixll'lkjiiAiii 
ITHllK>jl. 

■ Indfi^r^'. unii-igiiily. ind riedenl libriTid'H'hii 4iv mder prvredrc lb rrbduce- ihiAl-4eiTn 

cifkeiidlli' DnO. Whie-fii ddee Wdii dir Hilun'k. lir^l MUdide -uJ lUiiii-ieyearLli 

fuiKtillt 

■ ln'TieiiiM4 pilWif ■‘iHulirTj' ^^^'IIl^■^Tm^i^l lift D '7<i«dinE rnniici' ii hiniT Ipjnlrfy nim- 

porr-periewbd eni ej4^ end ^exr irieiewob leiid jiliix -edidUk^k In bidet. cli 1 eJ'lll■lK^d 
muirchera'. 

■ I liEb-rirl. hidiriv4e<ili-]l rrwd! hv innH to f-iiluib. ;iid B^emncril peigmEhi -ind 

incdii uhJ puliHc tenrimy 'nt^E Auir pnijcdh nurKtijidv vilnid'dc Lu- ihct^i: 

r(T5«Hit* fnr Ihe ■u.-ork. 

A^a1idlH]l Kx.'H4Khl'-3finieil ilud>'ii>bi.'ilei'lhiJ Ihe IkipLirlnienl dl IXd'enir'i hfidjtbh 
Tur liuir niirm'li luhe -^Mliiied jjhJ EhU. '^flnr hu hecn e Lreiid W iki FX^Il Fijr redLietiJ 
illenlinn l» iiitfel<VTbjexpk<7iliiHi m dir biaib mearh [hevnn.'^^ Ihb DetviiH -Idi-iiiKvd 


" l^^ml he^udi L'uuJ Amnmrd^XVpwiEMj llejundt Wuki^ui, UC rtaeio«l 

^ttdnitt'nM K)4i\ p 2 

KKU-KUlll.liL.AIKJK l i:P:!iK.r:^ 


Ci-IS 


Ikbtuire' lUK Ejliuon 
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J^iL'Mfin.'b WU' £n^td iii pan ti Ihis camiiknlioii HtH- box 

rXIoisi: .kiL^ VKud FtLiranJi 'Pniju:li A{p.im:|f ■uiwycn, ^ii^uni nBU|js:ni j 1 -ur 

'Nn^, ILk* chliiiijilf'. 'Mtt-i ^iLUuaiag^iL lu IlnkJ ^iiiiililii^ UCrfL (Ari liiii^ ^ci’iudi In hi fl^AillIc 
pro^uiu- in oikr mfidi, like- risks.''' 'Hit- >iilu<ieJ IrtslilulM of I ItslUi ui J rijiional 
Sclent f'Himlili'ifi fwmtt' iKknorrloft^ ih* #Mir iwvr rpiwu.' syilrmw Uidso l^oJ. In 'Crum 
■>vl rr*j' pf^iXBtv =p># Irolh ■■TEJkninliun' oiv lo Ihi' Irvrrf 

Til 3n&k Ihr liiilililliSi uf I lullh SMv^d ik InL J>nL>_irii '■ Piuncui AkHil in 
hi^^nsk rosewTh by in^^i^uora in 4idy lo miim: cli^^ of ‘Itwir oirtciv. Suuluh'. in 
■Mil 4 k MianiMul ScMnce I'oindnliDn uniod i program calkd SmsA (Jrams for bxplurotpn' 
TJ.^'s Wh (SOK-EJ-. udii^i nllnn*. pn^Jm -nirirm. In- nwkf gr-iml' wifcoiA fimml iixhnFil rH'-ns'v 
^TTull CshCx kXqikmAcvy- Ftchi:iii:li ikiiiilK he fi'iT ''jpccia^Hur^ lAui^i. -04 lijilnilMj jiiiJ HA e 1 
■kiu, vfimifEii iiOii cfiiCf ging rmiirLh, .uiJ pc^Ccfn i iflX' IrHliJVWii ill '0 Al ^ lOiSiOH 

hoiAow. ilK I 0 I 1 J 1 iiAilEFL bidg<L for 21K>k wu jusl ll.i^i-tif ixiSf's oponanj hudgol d>' rovetrch 
nnl oAFnIiim. in 2404. ihoNsJKnnlSckrrKt ikwilonni-^iMd kTiak Fnnn 'm TnvHf^nmttHxi 
Po’xmxfi iA» hnw I" sdrpl WF pr^^rtiHf'- 'n (wnMTTfi# iwr* fmiJing -nf hii^^ri’L 

pitii3iiuJI|i liigh-piiyriir lEKHCfL 

iioiY^rol acoowus- indiojlo iki ibhougpi projnm- muinjiijs niigibs hsvt dio aiihxiLy In I'luid 
jt looffl .-KHK bigi^nak. Kseorch. ibav cflen lack incenlfi-os 4o so. I'lrlly fix (hk jiMson. dio 
p<T\xiirtjfijf nf'ifT>.n1rcpr<iflii«Hhj''ii=h pnrwiii'-ii "non-niHiy inHlI.— |4i|n 
u'lHiiuii. TIe oiiiiiiiin^ rtiliE't'^ 'IhjJ iMldjlp.Xiid iko-TLOiiirury fiKibrt^ HlHIl Eiilujk-i: Ilk: 
OHtkflaiiLilkiUjI 11:41011:04 I'idiECDLb lllini£ ECi^ihri^ udASiOriol ILijidiiig SEOiriU oniiiiliiTlCi: 
irujnlKis. duugli **« 'ku. sufikictiL cdhon IGf i. 'Ibus. Fisccniod a roisonsblo ootviproinM uid 
m rcfln^cd in Ibc i-yxnmilUic'] TW'.miTTKn(t<d HAkm Tho d^Eivr to whkh 'iKh ^ pnicmm ooH ho 
Knw'»fii| dkrptmd.' hMrilx on qH'lily >pd ^nvirms uf tlw jmipim K«nr 


*li'!iinf l0'O>iW>tM'4biTi0'tfdill l^fibtuiLHii'rnpvrroitin. E4ionil Wpn-vrj Api 17. 

MiJ. 

^ rtadjmd koEirdi I'oiml Aafjvwo ^iJtyamwnf ^oivilunnA. VPkdii^vi Dil- PiMind 

.^EOdPThli Pb»Hi. !WH. I 2 

** Rdykjriof fk MkhXdd EClEricE BOOd lo Ikd-^lbuHl SiiEHl FCunkijOo'S MClil ROCOfcl. Fii^ VfiJ 
Ol>0+(k-kf^ OfUil-p Id Ajlr^la, Vo. l4jioiul IScDKX-fruijEm 

PHIvPt 431 JCA'IKKM VkRKHKN 6- 1 3 Fdfiury UHlfi l-jliiriMI 
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IMJOC i-1 IIlIILPA 

Tfcf iJtftn'* .■^dv-jnrtd Kis^irth h^iKl,' t^B<[Ky{D.''^Fl.F'.Vl'''i9t9liHi?lud'U'ilh 
J btaJ^I -of !!aa tbHul ICi I93E roluy^'idg. iIk lilta'h:li uTli^lik U luni illAu^ iliy t lti:lM£ili:i$\ 
w» mililiry lliif ii- hi^> K^i^»d Mi u-oik on [he InKmeL hiRh'Tp^d 

itajudD-liuiiki, uiJ hJcUiL: iLziiuicd^f^i, iniiiijiiicJ hi^uiFa. iicy^ iiiiiiiiuiLi.' 

l>Akr'A'iFV'1iW?-hintjnKlt.t I hilliijri tn ct'rorvwKk il ii ■ inull.TololiY^ly 
■friYrkmiiiizdl ■rr^^nu'dnHi 'Hul vd liig.Uy fk^FMo uhJ hirir^ pnulk'Bi UiiL vr 

jlypKil [irihi f«ii[dfo^'«m[TMiTl u i.i^'holc. Ila k’ntlanroafl^ whid» I l!l} lh~^ni^'Jl 
}±illci}i. nd il sIM libr i^UiLSiK' fiuiii lli: H.iAtmii: h leIJ ukS uiJibU^ u1 Uiti n 

ivtKluiiiil]}' hi^tf ilun diose Hiooi I hk b Uie i^eimni Knejrdief:. u inunded. iMytciily 
^by Vrhli l^-ARFA evilv fin- ■ vcu-i. I nOiinju:i: Idiibjii ini-i ikn IV-VHP A fuJi llh: rullii^huii^ 
40^1041^ Kill pnncipid l^^tlliE■lo[ 1 ^ in^n-ndiul |Tojii[[l7idi:[i-.mdin>fini minaBm:'' 

-f ViiVil in: yiiii III ■L-o-nTipliih'*' 

V I liiHir Li il June IihLis- unj iaLuL im: ihr limiliil'KnnT WLul n Injly u.-vi m -■ irt i^rynuL-h ihil 

uill nenKoe cunetd limilaami indirippn^ pirfucniinLe'.' I!t> iKn^nuch? A ffemr of Id? 

kXcTC-? If luinHl'J, wh.'d JJITanmi:i: irlll il iroli: in-d lih uihiiTn? 

■1 Mpl HU -Ihi wli™! OSniP, rpiil MSHIP. Ik fu|hini(4 ippfktl^^nn (itqiirmiil li.i jTTii-iO ?nir 

Inpe&aa? ^len vt ill Ibsi.' be doLK.' 

o b D.WFA'i exh Ifrld mU dk; you -dnioikf Mil luen Ami 

pdn n(w .^ipihiliiifi. ijr phI pnHta#f' 

■• ll^“■ml‘yh■^ill il-cod? 

lyiilitfi r|pil A ^ ^mniir PARPA preffporn iTun^^ irh^ dynxihii ific i^pcy l|w wiy-' 

Pro^nTTi m>n»fii(nKni < EaRPA i? ■ wn-y p^™^^li^■o ^otn-'Hy If Fk likfnod 1o id^inE 
i Efiii^ Lid miAidiULiiiloiul -elwia. At j [Iuse -pliyef. une iJuan kiuyii vtbn iJt: u. 

hif lh«fT m ntf ![>' '^-o-yT lo- miih [htokmilo Likg-i i^eimti nyinuBor. n plnpixr 
luni uui uiili «Liny JilTep^a piciieE f BkjieiiilciA gpnifhf in iliffei'cin 

Buojnpttv |iv»iiiin^ n* ihs l«j*rdj :»fcJ i*iih ilinRiuif Mii«fii| .lapihiliiioq 

ifi^duiicnliA ulkJ ^i|ilk J icivUiiA ui eijiti iiiKiV i^L UkuiV, rijl e^iip^ile)^ fhic ihsi dbe^ 
liiPM In Tnyunl -i yiy^idTkd -illkyli. (in om tm* In inKxi li«y tKhnHl prnhleiTP -ind Pof 
uinAer in -defem oue'i opfMbem'i. <ynn oF-fh: -dVilleii^ In bmh niM4 U itui -ih: ujujpi n- 
['AHinunlb- mni-iiE. IIh [^-'i.Rr'A [noEmn iruniEerhM'IO'dkil ugih hndloniiTEV 
Iciikkik^Bi udd -Jurdi.oridy dlKl^ii^ L-teLjilR:l' licnlmj. il Imnu Ilk: ilhcu p4jya liu in 

mnlii)^ wHh hii in' hoT ■•iTOfflnri kins »(ul ^wnn'dinE -tloinjT- mm-iiE Thik. 

Ihkh. ILkt liiHif^iii^ ijlECii.HLh muJ up^HirUiiiilin. 'Tlie |iiuk.1ihE pinym lyp^:MJIy iauii Ou 
[ hoM tnny.-indh ii IIk F^iolh-^pnniFimmiiiniiT U'hoiFiiimllyiWi.iil ypHEHtiriiK 
Dt-IRPA. 

^LH [Aina [xyRT'A^AfinaEh hi IrwiHMioninJ lli<k^Ekm □ ijkkiriJT bi kedoEip Lbc Tin- (r»i 
kooLh In I mimioci n tv irtmol A yynkdHy-iCifux hi Uu [IhoiKiL ScioEa knniibk, 

-I lAWhBuui Ilf: XiinMAu^H Prmia 3000 

‘JW 

jh-J.. 


Pklid'L'M.ICAlli!jri \i:irst4.iM 


0-H 


I'thniiry 1(KA ^drtion 
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ir^i Ai.iI M[4rl rirKnc-Ticy Hnrar^h 

Llif. hd^rol Rovetwufil sh«jld ciyMle- a U.Uiir..^like 4[sini?aiE4i Uiirihn I)m U^vniMfit 
Fflsn?- cJkH .^Hirpu^ pifuifch ■\ei»--KnfrE3-' I'Aftl'A-E-J il«! T^piiiK III ihu 

tiHkr Mr:rcui>' tix ium[u± ^ is ^htipd mdi spc4isi»nii|! ipti'inc KJCU pfO|irj&u. 14 mui Uit' 

Kikmk km^lcrm i3bx|jv lilxilkn^d ** 


Pan^LTfri nil c^po'liriml in Lkc u...^ JuA ^ jncxn^ kuJ kn bcicn nunc 

.^vcyicisful in iiKtin Ihinlk Ihtiifnv ..Hdi.'jni.i2d HtHwch i'r:y^'fs..'^B<n^ynio[l<l.'l'tM 

■iiiTT tf^nn- fnfhHcU HrfCTn n fijlliTTk:il jDarr liul nKckL :inJ uiiiiU pfiivwjir or^iiic. iHd-iif-lK:- 

toK. niiEli»nuni«iAl jtiitn; tiitnsi' rewiT'^h in IhciK ifdis “.hen iiKti£fr>' bj' ici^ir £«ti«1 «r 

iiilL nfd uiiikrIzAa: Mii. 4 i iponunhip. Wi.b2r nils ui J fvlfiiliid pw.iini un: higli mmi Vihcrr: 

Mi»eEB liiilJd pnividd (tuiuuij bditdlis Idr die- iiummi. ARH.A-li uould die by 

iihich voicMnJhi jp. InmfinnKiJ In a^iniu aiciiTKimic; cnvrrufTTTUfil, jnd unvily xcuci.. fe tniJiJ 

ditdiijined u 1. leo. ttffKtis'c, djri 4nld hiK lusei].' irrik^ndcni ^Bincfiiion U iiin -sun 

Jivt lliifi l;iiE^4ul pniip^w. hiM piKniTTiinrsi .ini Iihim*!? I^lip .^BPA-E whiIH fnsiK 

iHi Ep^it'i; eiKi:j> lEEihiE. bin HE '» mV ^likt- diu aPUAHliA m i^ilE[| n iiidd hiY.< Ei^wnMW 

ifnniirrhoiLnii III mdkiul. iMu, uni liicd unvuminKm, lfi imlicdi~i', unJ ^ du: udiuliim iirikr 
dtu. ^itf luan •if diLtufiliME. liie- ruiiuid iif iiuVdE li piinuiii£^)i' iiL:kv.uvi u 
|vnijiL.^lj ip** "ff I'.i du ^ di^ 

■udusunks. Ik-hb iddiiiil'K J m diis r:n.i±p. u mmuei; -yHciBd hkihim. kuiung pc-^dmi 
■".ilh limthr e^I' 'te.HiU (k 1 1 wn<d In nrwM ItuI ■()>» wni™ ii >.i.dMij.iiL i'l rinv^i**nJ|. in 
k Ut4. iiUhlU^. liir A)tH.\-H MiHJid iH^I U afeilKtl lix Lby MIkjl ytlT Md llUfciH- Id SL 
bflkfl mip' ^ ycMTi, tJ wfciiii pna^ Ihr pmunm'Vi cfTudn.'ETi^ wiuiM pcni^i^xJ 
curiljhill^ pkbcd [hii IdVfl ul'fiinJili^ Uld Liiiu dl'iU iLv ME'jcyi ul dir buJ^I IlidlMy 4^ .iltart 
pfu ivuinHl nyliviliff. inil Ihf PT^inpm^ ijf |hd liik J| bmi 

Tlir tldodd Stuies liKev.*vifklv nfdnrf^ a;hiJlH^rs ilui tf1bLidur«Ediwmy.dur 
jnd (uir (nT'intmnHm f «n Unx 4-fJ. I'ntdivTidnlidH'. Ihr^ ylnlknEii' imTil'.'d if ienof 
Jiiit IcchduIdjA. Tudjy. u-kiniiU uid ttl^llkkfi Mr dhrAh UMllilgiXI Idrii liidJ Eullld rilikr 
Mknr mil n ir»i pmi m jnirmnicil: dT*; kni bul wll'; ^xpW oiMEy fPKn 

icjnlp, i'dI JniL. uni &idr.AcB, dniteniJu: Ik: aiiinuicniicnlii i^:iDnfn:ih:ru ul'flAiiil-fLirf LTk. 
find mfiL RfT-.indntif hbji to diip'Jnfl (d’niulrcrr driTU TTifikitilt mrltm^ lu jjnHim 
fdurf tirdiri fibrin: In^dyr uur Ajliig rrmiijiy .dUviibuildb ndir^ini.'TMr: nid uilr 

wwltwd’ for hjT*Tam ilor^tr 

iiKF>Y-E ^ndd ^uEilr uii u|iFuiiiiiiJL|i lur ~dw-df4iiE bnV~ iinkKxriiiiirEnil 

tm«rA Ihd fiujid 1 »hJ to ■»'b>i irf fixilviE dw wt™ md its woitomy. s' nppund in 
KimcnUil n>fUTi.iL iiii alcui bmc uhudi lirm ikvrliij^ (hr cb|ict 1 riidoinv, "'IIk 
svftob' [':>f roisil-fik I toumriil if wl^d'^to nou md te Ei^yii w limr In .^iirlqi. nhtmilii'n.. hiE 
dk: M:dr ul'iOBCtoLb in ^llpiuRrE, siiirfnbM^ , Brtd i:ri.^irulii^ Yi ill iicrd 111 br Blq^fjrd i^ 

tixiiJM il uit mjd swlM^ rUfurr to loUi; Of: pfctHrm of loriE-Irrm sldlul «nrri^ toLunj..''*^ 


^ Olir E-=voirkr nmbn. Lrc Rirnmi- dvm Ltc iJlEmljvrpofkl cf titt in fin mEwinomidimH 
nnmsi m bcid-i 

id H HKncUmnl I. L 1 brau Alouhic mmiy Iciiinajii^a n’oirr 4 .| 4 ^UU 4 Vj]l-U.'^. 
■"llid 


ritt-Pi'lll.l(;.lii(JM \KEHBJN 




Krbtutrii' 21KK tjduiixi 
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itrrvu 

.^n'lthrlTtM r<f Aiil'A £ 

IClMIIjU ISHKi JI£ poieilllljh' UfTK «il' ItK nKriE prO^^d ChlJlHietE 1d I^JHCe- 
fmHju^v sill mJ .ujcncu and li^dpujiig^' wi|| Kj irriBicij in ukkrujii^ lK.~ni ^bjl tk € 

evtr^yjru' belLnet rlui i Ii;4miiI pui^TJin ifec pr^fMUi] .UtFA'i; wmiU Iu u etTfcjiv-t 
mKhwiiun fijrdfi-icl(*pinE(sikln?n.<n(rc!i. IrfmHFJBiii' Ilii'bjK'wnmHiKKjijrm rfltw 
VkU^ Uit- L-Oilliiiinet bc^rd ilUil ARH.A-li fF^hi 'Ikit' diu^rite Midi iu Milin’. 

f*-m« IkImi-v #nl mh ;iprli<4 (iktc Miiinirh ii plrvHi^' ™4I by ihf prKiti 

KLkr— 'lijf lir^ ncrgy iimpaiicw and, in_‘Tuuill^^, hy Lcniun: -JifiiLal Ti^k • -jiiJ iluL die 

I'ederal Ehnld lund'Hily)*i*' meuyh 'JlKy-irsiMlIiil IheK KiihaliEC driynB- 

• lETTTi mmi^ finding m nicrj^. iihilujErr^ lliij iiHvuiiri^ by ihi: fnJciil jjiivuiiiiinFI 1^'^}'! a db: 

liTRi:!] irdii idiul pyi tcmiidu sdjVKtmr of bow: mt^iryh * Uit- phi^iml Kieridcs. pfOTidjpj 

' rrKPFlbin 45^a ujf ukuibI^ Rp^-'nil fiindn^ fWyrcn'aJfv AmlinpnnJ Biffiml III- uuin:H^n{ 

> in jiiAdnK. jUitf Ajtcoi.'KS.BdnpeiolLuisLiiuli'MivHid irdmin'. 'L'h'^^>Hiim«it 

'[vnfc niNdnFiil pibm inniully «n nn^rch. im'hjdhiE S.d Nilkn n biwK ni^ryb md n 

iiuljfruiD {Hvfll die IVijijLil iiiS'-bili'iiein IK^K li Jln-Jdy eHiil-»ip ill citilgy- a'e^n'id^ 

il i’ .prijijrf IIhI irnW*>fip{ fyiljr.’l TjHjjreh f dt^rud in n iicFiihTtir MH rf h ’NhiIH 

he BoempJIbiKil In rcBj]iH.eyirn^ immJ IIie me id lujHb LuiLiilv linn|j rm o^Led 

d1 K 4Kr:dyiy JdfiMd » bddhiiwl dedttil inv«K^aKm m eticTRy rtstadi is 
iiecie^effy , jiid ^%eii iK: eiineem s^iid E}i: ufijucnL fcliml^ji: n uiJ In^uLejl liJinJ. 

uiv dicin-itiiin lUEiUri mftdtnlh duiKud ruijir^hBii^i^n»ii'diiin arx-i [xiddiBMis'c pnvjit- 
, KEleirBiniABriJi rurA^rmny . Mifn: Hiliri ? IhP iniliBdvy jnd yetiIiif$ leipjlal invaiili^ will 
, ib'-dbly land die iliiii^diijaluniVBJieiDioiittile'prdtHtHlirynrii^niivwiyiilinilii'' ^die mvaihle 
' hind df fr« marked' id ■“■ik}. i*id TihiJ i» md fiEndcd- hy « liitBs. iwnc'- ia nw '«or1hy (d' 
ILhhI^^ 

-iiydlKr ii Ihal mi enlily lilw Akf.A-'E Yinnli iMminl dei 'he BP^ivnumnl'i' 

idoi^ III pi:k. nirmBfj. In^iiihijim ■Klmd uf lelliii|j menkclK dcLi^ Muiy lliid di:C du: 

emmiu hu- n p^er rseodd in tlui areiu. d.lyii’^mnunL Mnie hebayc. riiiHih] Ikik em h»k 

I rmevdindu lliui en develiipn^ Liiiiinien:iil Inihnilu^y. 

I (Xbui^ ire mMe fuppdniye <st IKMi neuirxh a h exim inJ ire eutuemed niui IUikIm^ 
i i^PPA-E will 1*4 mniy iwwy fnim traStieniJ iritffil piiErm'- ItiiiIeH |n- DflF '' bdlw ^ 

'. biAonad ink^-dKil^y fhvsks, riuiMS resrdietL nuietiil scKiwei. md m lixth dia jn- cf 
cmalily tni de'pile ne^iems. limikd lunds ptodiiae IwidamenliiJ 

' imePii'li jlid iiiniiiiieiikiiL] HfSiii lidlk Hiiiik: Fiilieye Uib Dbtyi fTinkl b Millie piynllKU'ir Lhlii 

[>.ARPA^M leinisofid'^iK'-h']u>kt3'iMr fedeni ckyllar invaile^ 


PKiyHJIlLK'ATHJS VKHSIOS 


5-]$. 


Febmuy aodb lidiUcm 
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.■^hfwuxJi Itww .in* liMlifvv nn nffri^'^linn It* .^RPA-E t rnri n^f'Vfd (Bo't 6- 

J], Ik uOdLllirUc AU ri ¥i MU fik> Hi xA^hirCii^ iult- In iMiflh lilj Ar lillkuii'i 

flnllaiBi^: in idi-'wrui M'(*nh in*mjnwnnB. 'Nr'hjw*l iwi)f*p. finlmwtM^'inlir'; wJ m 

Jjctck'^Mg k: k^L ^niETjliiHi -itf rcMiflnilEn. niLtnl repeal -Pf Ihe ’ilf FjioBy 

AdiiiMO' Laud's ll^ torM H.llu'tuliiri^of'i^iimLic ■ Ik UdpuvKn. of kncijo- 

mria, %^ 2 iicm:i -ch m\:ci: ih no^ iinly if me miAc j Tknr^ ui J .iiMjirrud Hi'nJiiicnl in 

ft^untilu |kLl^ ^Iehl-e. cib^Jiietf Iri^ CMl ^{iplkdilE Jitiuiif]llk:^hik'<'. adJ ikuy^ifiMi^ldi: 
■vHTP4TT5.wi<i*^dif knsvwhidB* ininpr^iy* 'IIit ?wti(iii mi;i(J'«[)«[D' .«)w«*i*ni:< 
■jKidri.iijj^ d Uie- Uin$ ntL"“ S^iiiiiib will khi^iK -fUMdUuned -f ITdnj Mtun$ dididuiiiL 
a^adcnuh'.iHl Rin nnnKm libcnldrKi. ^lltK«fit 1 ■kdu.iir^ pnTKnidilcd'lht entrE>' 

■ifnEd^iklun: jiiL Ik Hjlvuly ilrLEk:pin|^ Bi-n tfL’hjHikrpa^ n iiiuiy fIcUk, Tullinul -zliiihhl jiii 
Hf iBii>' lotKcnv dioalE Au Ifu- E^^^nniTKA -WnuloH rc«uvh to mH< ulmuJ Kied!:. Thne 
Nn.- 1 >iJj? n<iiirili^in|ilki|rni'»ifi'i:f '■rnrfy n i mijA' nf npi»m*l xiwily 
iJdiEi:nis. ARFA-b^would ln>'EM to d brood pMiA>lio al'tt^ukliiiiHuJ n:Mir‘;li thoi uiifridEdco 
■p .1 *nl inn'FmminE iw;hr»jti 113 ^ 1 . ih>i in IIk prt ■" rrs irfi^ ii^plud tiy -mir ei“>i imltJjh-iJ 

IjIktHuiki (led F^^JC Funki^ uf n3^lllJl:ll tindcipmim^ Uir |n>VHkn. nl'iicW 

MHT.'ys is mai; pailiyvkiily (cinptx by Vk ioh ivA. hsh nik vid ImE-lfTTii yhirodcr nf sikH 

lyiak - ull -rd* iklilL'Ii iiejIa: 11 kki midcd to iJnih^vuLy in' liidtoli y fiMi Jliij^ 

.yiiid^ IIS muK' iiiisslau. Itoi: pnonrioii^ Ac dKii^v sricunn' arAo [.'load Etoit^ bw 
HifTTC nflhiT iLpu~hTk:rt'|. Ikf^^l iciliiBEil lihfwdiKici uctt Etdrihliiiisd Ip iktollpiL Hill piVL 
i:kMly itlEiisE-Liiictodd iiussion^ pwiurilv to ditvolap ituiltM 'wedpHbt. 'Ilkw: 
tshsrilyiH'. -inJ vjmi rf 1h« tweranmil '■ cIIkt Iwe* ■^isbcf laborilrinyL rapivwrt ‘^jciifiyMil 
ilidicvlid xtVchUnnilk lil fWndiMOL kliAjE J ftolllll^k Hid Idi'iliilfi^}^ k: Eiki iiI'IIk- LiiIJ I^'ji. 

dw nmkxi 's dyfflist nt^s shiflpd md iiriNnl ■•nii lE^^dis kovk f kir d^i-irkTinfnl pf ctrin 

hiHjmii ird rTKr|;i‘, ruu F^rm: ETfrviip.nid'k'p, llu p’lrL'aJnn ■M'lwmfbtnd. icuirily. L^hniiki|jy 
tospredenvininiTKivul lunwdulion. ud. ItiibtoilL'iy Ibr^LcmutMil jppIkiiHfi. Miuncfom 
prc^iuJi rLLiml ycvi hiiTL liJd Ik riniiidMkn (tjr win: Eicton^lh^: TQA^i^liTTiLjrTl at rpIliHul 
liboiHury lidii^ CiyfrEfJ hulo tod t|tplicd to Hew ul'iliiiuiLid prtorfiy.'* 

InltodiKinEd^MlI. ^eiIE' l>AR:PA.-lili.d rfE>inkMt>in [miUimpriivii DbE'bprr^of 
HJbjy diljbfl to Q-MtH A did fuf UH I^eiWLIIeiIL uTIXilLib^ Ji’ihliA', IlLVItP A WM *1 lO'n-fd to 
'‘itndlHiiiyt' t}' inw.'li dbfjvliiKnrS' OLdUhOvd KstiTdi HEUiizdioa: bpney tf . dn tf the 
kiiHi il hu ken uvkli^‘ to:rplLji w iLkiLueJnlly rilln|j 1 InpHfjnlnik. AfiFA->! uihjU 
Kbstody jDd Hipfdi du; kkiu« ^ leiAitoii^ rrhiLol cd oiif nilion'i-enef)^' infruininirE. h 
(Eiuld ■Mr*r Ml toll imptwiHil nulinbil biiMiTb! 

« Prvnnik ruKHtli in diE pbiy^toil ifiitoxi, ■Jiij^mk.'mgj jiid nulboiudki. 

■I FViWle ■ idre^H nrhiuiiin Ejpitfll In kinp viihiliiIIml In jfkiu iiT nilinnel 

cuidMEk iiiiporuui£i;i 

* TUto kEklkO tod -EilpitofTto^ llito [lE£li£Mluf!y fto Hltf Hid -eiii.'toitoHntoil 

*ppli[^.Hni 


R’lrtHiy pTEMEft Ads’iMQ Owd-TkA Fotm sn h Rnrt-drSiiitiKy Thwmk^iIk [>tiMniifTn 
Ertoi^' 3i.T^E7_ZncTur ud Bccto*^- FnlRigml WvUHilto. DC U.3 EksHMcr* uf Eh^, 

OcL IMuQkp S 

^ Adaib IHmI lepofl, Vaj): ^errton Aii^manTt ^>iparHHTy^bjiw^'.4atonaJl.^iatoz:Tiki. 

dl lLjidi|y Arkwe^ SIOHd WmbMiglto. IlC: ‘ II M I'lrpuiMm-si' tib IWV. FTli^KT. 

^knpj^riiMriH ri'«*5--F'™C(WT. RTon of fk" Ei>^ 

OKI Drylofritm ntitl. Ar PpMdtii'j ConcnirKO oT.'HtiMKii to Emm** Mf Toyhdou'. wrirttotfLoiL DC. Hjt 
I99T. DuTLitoilil AioUtoMbl OfTnO. A3/Atoin.«r.'£/tokTd] CnPtol k AinT>i/h^ AUsAltm iSmMjnt 
liPDADRxptoluCd^iclMtolFlOifiMfi] DC aAD|Tb.Jkh.f IF4! 

PftE-PUULIC.-VTKW Vl;|iSKiN i"iT I'ybiuiry JW6 Hrior 
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« .Atcdliiiieit Hiiim'jiiiih ii h«L iriiliuDfuJ ud ahcffiui^^ ud u 

(flitvnpy irwfuni'rm' 

-• r^irfcnintucf^invcBi^. foBeB^^-induiii^^iKlK^'ind l!^rateri» Iq ’ u-nrk <Tn 

cniind rcHumJi pniiilernK^ ?«:li »c ihi: ilfn dsfriTunl ^ riirl tri^lli. 

Ilif t>i^k ndrnmrrnKTi'V 'iuiKlur? and emIs 'nniH miimr Iho'^ «f 1>AIU'.^, 

rh: mHiic uii|Hnl5Bj JilTn^iiL'n. DAFtPA iiiiinly'hj pfw iilr ■ liiii^lnsi 

"frMt.-lhromdi“ p<i^4clivE' fvrfc amioJ form. DoS alnudy ha; sdriM [iMrhuiiimr for lorit 

^rTp nswHfch.fc^j ji irnr^iiirTHi |k^,p.i[h rrNidin^ri" fnr irvi^HiminE du t^^ii. jnin 

uihnola^y &! mmis iIm enutMcA auch II.HEF'A Jlw dtwlnp tct 

piivIciH hy ihf itni.vTTmwnl fur milriiwy ■pfti xiintrea. tiw.rt' ■'ruru liUNiiihiy i' jLi|iiiivJ 
ujtl dc]iliihudm IIk jai i ai: :^lur. iMuu^ Wj#*' duo. liLVr' ■|KL'rflL' jiriKiuviiiciil n[:.£di. Ukc 

[>AllP.A. iHBt A-E would luvu t vtry imill ilndV. •^''Ould t^Tloion » kA [> Hirld'. w«|d liim ui.in' 

^ hLiirtmciy ^ I? d ycaiSr uad lAuukJ lu^r dk' paiiwicl uxal Luiili:«uliiiy ficcLkiu iivA 

tranidd 4n Ihix tllvtnlo^ mitk durff.' Icv'lBijInEki idnalint by d» If^ilidirul 

C^Hnni'^k^ nq ^n^rny Pull^ ^ uui nP rc wrf| uhcpc inv.£ilniEnl jq 

winidtu£d diM a. Ill [iMuin:h ortoi u vibch ladikBy u wldcdt> m «L 


'b'lH 


rRE-PL™.IC.ATKiN VUliSXiN 


r<bniiry 2tKn KlIiDr 
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Rfj'Th d— 4 F.nrcc^h yiid Ik* h jnaufii|i 

I'jpUL lihsf. i^bJ 'ao^v rx iferac m^rrficlm ihii tumihilE la xnJ arihjnuc laamanh: 
gTiTulk bi llu l.nhfid KIbJu ■ Ifeq upiifiriRV ii a ijiMij . n^iificJimig ■ iJ 

h«idiA^ii Ihil VT i^uuT Id p^o^cc .vid imriKi [ jhir Ll Lhc ^ ■ilihil^ of Lhc TTOfkfrmc 
ba |Uf¥E^lc ih ihi: ptn^tdian md icrvloci tjncrg^ ii 4 ie pm? ruocMaa Ln fwnduu 

givKk jpda^ljc^ ipd^nffifVin !■? l[p^ E’lvripatwli vc au^ 

gonpm p 1l4 li^l ol* iJl ^tpw in \\» •fmlT} 

WilLiri ifuu l(vu iifMJi, ludunaM iiidi iviiHlry wduU qra he jJJb In Ir^HilVwffe nm miLcri^ hin 

tii^rav II pi?u-er Ihai dn*.^ Ih« mnan^. In ihi nduwiMiz^d niliHiL n*:kfl o\ 

[hi! HMilfNIirint pUlLi. -Ud OflaM Ntidiflgi- C<OVld HM 4f<f6h< W-ftiHn M 

ir>HlPtOi iiffili DfMirgyiwimi-ibfti tL^l.niiKiliPi.<oiLor4l44lnpi? ll l'4n.efrivc- 1*- 

ihwiu-iLiyUMlfliainhiL-^AdHi^l 
■ npM cri ■.1L71''UiJ diE Ic-uldi cf iJ‘k I’aIimI Sinn. 

StmEliaa nniH!' b >kA inrJily i^ iililir tmiBC IIk li^ill OT ■ iMlicuha mtiirvr a 
kriAL?l<Cr tkM4Uk] lU fTpjq M IM blvh- '^Tul Ibi Ctm 

piijdlKlkm uf i^jiXb ifrVk^ K Ic^l 'Ui|i^i1iBi|ii. O* iIk (.FikRT liriJ. M i^nK n 
HVuldiihCT — Cr k^nir bct^s prim •ebi IfwJ Id iamiHd nuuiaic iaiI^I biaimi 

£iid kKlfUj^. 

SilLiAMia ihJ HUK pnun Tp rijr«r Cill ri|«JU hkI HiE^^ElEiJIh, ■> ibc mjalifi uil 

pmLia !k»r IT 1 ifAinkn in reonl [iisl lw binn j lipiifiiivil ixi|Us:l ufi L}k wmens. 

IA'^b Hbc qhiiJiuii iKcur, Lhe aEiaivih ctporiaEB ij^bM n.'onsafiuLi liiII ■ "[t i m ^fall^A". JkveE 
I S'TCl ikt: nifurDT ba cipcricnucd ^ IemI fnir HEh pm'c ihwIiQ illfiJMlaljlc %j Ar lEppJv uT 
DicT^h' 1hu. ihE c« diLh ijF Lie IhI m ci^ iksitiiai daniBiliBJr li^ Ihc priEC md htjI LiUliKuri 
iIimIe rmpaftel amiy roHut-c isii u iiih ><£0. livniflEirtli ilY^I diE urrU aEnannh' 


muhUi A^^C^IA'aialU^h^d LnW Uhe Mfe ui 


llw TnnrtM«r 

Jn Uif IfOth. il'itf it Ikll I tL-i u t IUM,-|Muef , 

ncii Jilc, T^pJoA^rrul ffr Ac i uuuh luk: lunj fn IcLrj^irrm.' xif^iLil .m^ilViiJuin :nj 

i-^'sdnii!. JJLmiJ: scitiifm hid Id l^^1elc nuiliixis id milM hjjlily pivD KDmuniua md mIiohi 

ukJ Iv uU uuilrattbefi liiifur^xsi IHi uipic-icdcincij ftmiiliyD. rhcuiti1n:ij uid uk^icincnUj 

h->d li> rl^Liqlofi j fundsncplij HTi^r±Mnding iif Ih^ Eirndi^lifv- pnifuli^a. iif Ihn ndw 
iiiiceililiiiddiDpliAikiDflItt idJiueliyDMDf Af1iieiniiC]diuMiiliDD:4^ Uydiv'itiln^ 

Di ■. lir^T-KBlc im lliM pfvtiinri, I^D umiruKEii Lk: ~inLrnliim~ cTdir l^]r^^BJll^ in 1041^ 

Ihin d dfyode dlHtr Ihy djlco^1«[> Itvii -i jfiKlinn Dt'imdiEYty ind ^CE<li^'4lv dopcdi lilicnn 
; yy\:ul J ckLlrk: -jiiTicfi Lu him In iHily m: ilin:4.llun FliiEiHiKiiLmJ mJccJ-irmJliij^ km 
piCTtpiT^ In kf ^^milin], hiri l[i^ gnnl of prudfun^ jp ncrwinn^plly f L^p^ic-ffl?4ri 

iv/tsh •i.af k4(il rroiii' wj'osnur. Lhipm ihit Ibciud iiTKiodh. Iwi[1iiik«i/i 1 icm.^ 4id [k4 

ujltr a %rkEl fvi^c lA'm mi fur dir iiiE'diLLfn uTlkc Iranjilirr. fkjnni^ thii jnd ihc 

iDfldkiiE ndfefl. diD tWiniWjnfv' of mikh -yf i™ic'iniuy1ijr-dicn.if( of IIm Jr)lh dtirtiry 

VMU bid. 


FHJi-Ft mi(;.dno\ ytisiufl 


6-1? 


Hetimm- 3006 tdHuin 
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liU¥X.*Ft 

UtaiinbKfi uf Hjicrc TKh»l#fffi 

7^ Vmi^Pl rcmpiwrtl L-MTB' m rU psw nv fnfl^ 

Avilpjvwiij' H Mv^^nupAmrip la 1 .4 ajwiu ‘i JIVuw^ c ivuiiv unddH rtiohlnp Ik 

ndua'i .mill Jks:I tisJcr^ sipaillinii la ~an^- rkseI\ dcvd^kipimiL umJ ilcBcnibiAjK" 
lERDAD^J Ip Un'lrf^ 'bdPrriD.ftjiulu^n Ftf ainHh -cAd LM-. 

4h ^‘^HW^idkkln lhdi^--3Dt-K H-’rU ilik<- ll 1^ 

■ a.iiiki^d dtiiuidirpJroliArii'R.-I^PinMh lid'll ilfi fTMi »ii}huiiip.-unni:t.cu-MiSt 

4i,Miwviih; ■TT^'->rdr(TmlB| 

■ bi|NUVt u^iJi iir V^liik: iiV<tii '4 dtii'iUd fiiri iMMi^iNlh 

■ ITk ^mdui US aid iiodiJ luiI najnjL'ci n ilhoil iuluLTablf ifipoiii lo. nj^cuJ jh ^udilv mJ 
knJ ini 

■ ^.vpoiid Ac nc uf au.ka cncr^ ih'hilc nrJikiiu ncLikd ii4b.ii itf K^vmlfdi. ukJ 

|ni:4rcTtilvA 

■ i^iAliJn iJiJ b'^fuid 44>rfUfiicfTbi^nlv rrkcrf il aitudiii' ckbU a>J izhifvc ll ckevihcna 

‘aIlIukI ^i4m4jlc idvr^K'^ABii^MM rmrn iprcnhuu^p^ ‘^itainDk 

HH ■^HWIP^P’lfi l^ri>4<d 'htiHI ■ Mie*-V1 I^N’fh M44I wfieft 

[rmlc ucirr lutcwdi aatorinjlMV irc ml oi hnr^ chcn.u 4iil pi^n^ il ihii pic-d di^ 

■sKiciyV Bincit; VBiail nc~( CiD iriu Uk priBLirsd dialm. 

■ C^BB Bml •rl'AcIcnl lulimiMr uid irn.'h, lLT4ut«liv^rK nclBlaipc idvmrd ihracLi. 
L^jnS’-aJlnu] bpJ pli^ji- L b hiiWiiii. aid TikI-ccII r^cki 

■ InlccnlL'd-EullnilkH cubiUeb 4'4] elf mJ ln4iMlijpr> Fir pcJiv^Bci^kmcf cUcLricilh'g 

iMiSti. ■.flClYkiC^iA. ifrd Udid ILkH- 

■ 4^lirr4f'^mh |^ i ihal B.'hlc^r. rB^*UllBlr. w LimficU' wbw L^ptarrurd 

u^i]HrjiiiB.,iKhuin|PL+1^^H¥^ I'-y r> h>INw|^ 

nilwd pv, tof uqualcrir^ cwt^wi |^riii|ic I'rfnimtM. aid fre iKin|'tiri fiYiAiaid 

hhikti^iji ^FTlLiETiAv 

•• J rchntkftfv III iJnfSBd? pnmJaic hidvii Ccr Ih: IriTDbpjrl ulu 

^ .4di:inrr4 nuf Ifjr1r-ch»*lcp gi .4& jaHj rucLurLTpwpjin by ImabI ii^ cial aid rboluiriil 
rtdb2. fpjB lOtfidcTli, iLirnul Jlu'kA. nd [rdiFcr^B 

■ J rchnilt pre Tiir LnerruLof ibr vftlrlrBfp iiT wrci* rnl utf m nd rl^iLvin 

¥nitfci- ^'tefK4r vx IPS Dmm KwrE}- icr 4w h’lmr^. n 'FTi>" 

L'4fnnBikm m Fa^r^- F^dicy. ±U1H ^ .Kia!wrtQf£’ A hipamaaa^ifn^i^ m UhI 

j4rwri{.v'j rAWi^TifCP. h rrK.CTiaifAfniinmB.Rj. 


F'H.V-n HI K VIliis: ■.KKKIii^: 
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Ft G: FhLuTiuiuJ AitanJi 

Tha OFTicr iirSiri^T^itf :nmj P^JFi:jf (DSTFj :diiiiiFd 

imnuu L FresidtfmiiJ liimvjii«t AiitrJl Di slmmliU' sctcnfilW ux3 nfunttfini; ddti>LT» in eIM' 
[tfliiiful intar^il ^liibfKi^nvFFiiithnliitl ?iuiw4!'»iJrii"'KrAi«iW']i(hi^(in«ii< rq'pp'nii7i[|E 
ji'MlJIg iiMMt. Ih: -pViF^Wi] IV^ Jlkii UuliJ J xllUld^ jlkt ryiilugditf irHlih'idlUJii Whi 

iru-iue' UKKidf Hi efi|tincdrin|; iniHi' Kicdi] in Ar nnuoinl mldUHt x ^ triTK ihf!}' iioiir. 


A minilur nf lif^pwriJiiirK k'lircr^ly nlTcr pHrpt »d In ^*”■1'^ Tcuuich. bi[| ui 

dxpindod s^iieni arn«a^cnMi -cauld putlt nco» Kieiilitk ind 4[)^id4nii^ jdk'HMi itiii m in 
Ibd iHlinml inhiv^ Tli! rinrml prm»4jBti:l tynwin Tw ■viirrli'l'-snd^neincflrs jk |[k 

^LJdJl lA* FiCiciyif-.^^llh: NidiiMd] l^ldilal uTTdrAnull^. Uldfc F^MldiUajI RddlV C.iJi:df 
Aw^rd* fw Sfiflylinly Mid fniEiniHn^ [Tw M!KkxtytM4dMnr!ii;i]nni«fdlh! N-Tti^Kil 
Tiiclirufti^y iTu^f^iinf Luuu^r-liin^ :^^rk:h'-diih:iil. 

'FIk F'ldtiikniil ^riyCv««f Av.'jrd] iVif uid linEinHn pnenm. mmgitd hy 

iIk SidKyiul -irtd TcLtunik^^ C^jujicil liiHjrx iMul li^inirlK iIie rhlmmJiiun 

llAl4^^ll>^:£b df yduci^ piul^Mub Icr itMir didep«iiddfin idfdirdh ddiiirihMtmins.'^' 'ITit- A'hne- 

Hindu, fldlnd^inij diA:nTimfnililiun4 frufn furtuifuling LiinRn iFu Hw^dnli imKilly 

NdU' oiyuxh dould dn^iHEi^ rkL mlji^ oltl^r did poitiniid Ik* I'lmudul <m iko- 
ivniHKnliyd p^>^ln^.vxh■J^ iiiiiTywnBiiiji.in rnrimpdflMil woft -ind inT>i^ wid idns piddH 
pijllli: jPuUI dUiydill iytinEtOf AjlIiliFkil idbirUl FTl: Pi'UiuiUl ..y^tdddiy dd Edpjrmddlrig Ilk 
tnfKiinhd tol pir^ ndfllr-tdrlimFil tiimiilgif dmiiprTHnl rf pd^mrtjlly 

ieuM Inf iniikir fuKlciJ ln^inlri|y , nuiiivi^ nrvh fir niiliiip L:L'lrTKA:^y, laii ILtLlt IIu 
diUnmn -pi Idcftnolcf." 

y^^ bar n:unidi llir umunillo: p'l^^urr^ IIibJ lltr nciA hrralDiliid linw Mani lir 

mint^dd in u TKigt- iinnlir u Uiu nl'ilid JAniddinidi] >:irly CiuiMr AYi'ird!i Ebr lididAikSii, oaJ 

pji^jrHcn QNTP nFruiik' HL^lifln. Ihr rulinn'i. Kiiaukj jnd L>:FrTuGi^' prKwilj,^ iiiL4i EUMf hji 

pin dfac tHJdKfi mdiPoriJHhiij il ddVdMpitjoiirlly u-idi ihd CKILm id Mdiij^mndivi ind ISudjtci. 
Tliii- yiir'i I'lpif s iw i cwid jlulmt pnirt (w fwlii! in "tiidii irnvvii*»m pwjnd" Fpfldiap' 'ynt 
I'Addl rod dtJl n.-yikd<l IdfKi d^MJld h: ^dii: 

• IL«ntbwl UEvily HkIj 

■ ICi^idiyt denipiug ind Hfpipihini! KdtU 

■ SJlidlIulIUJ»l£^tTTMi■]!n'■Iillafi^1^. 

■ l[^-KmpCd11ilN'l Uldcr^k EUCCHd^ldlkL'Kdt. 

Pi MdIcLUlldrIti.'mMikl. 

A'iiir-luni-^p :iiii pltrlmiiL' niilni^ 

■ Ihri iiiK^ulld filiiH 

I- ClP^mii l:lln^»^^dr■ 

» Ml I ^iiAurd iln(Ml-tj(»^ vn NeH wnnw' ind riiimnsnii urjiK ■iiFnaviiTHirrTi^aFMiiriny 


'htqx'-'riT' niracivindt)niiid].Tim.mdlllin 

''TIitidVld^AtlAtiiL'IadPF'llc hklidliJ Ey. 1 iiKd FMlrliSIkM. t4«dnil fliAdkt ■klTdil'lldldti' OmimL 

HriMkl Anmrlia ml 3tH.T AlnnDl^idb. Eniiumn^ hilnfiLnA^ny, CigMlnEil ii( A# nJlK 
lJtTvUfalo4'l]‘oniKTEE. ijtimilrKiTloi'XvrEBX. r^iarljacil eI [jfcno r A.irjlin. ilol' llalFinJ Hejimi 
l^niBB Mdjmd LmllilEt-artlBrLL, ijlEpvtnan si lirna^rtmn amj IJlEfmjlMm.-EF \ mn Ailiin 
^PliEmJ PiEjidiTivof hj^nnn^^ f' ii iini^r'il in IJimnirin i ii i ii "i i 1 1 ir I' n iiii ii E^ iif 
JctanEn W^i1|ViF^[>T )4nrH|A<>AFiipiPw l-rw 

retH 'laiJt'.tTKjy; vkilsios d-ii 


FiJh-ujjV SOlHj lidilimi 
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■ complex MiA (Ikiil^jl, 

ottnnKilinTul.l^InvkolL iKiiil. :h)J hi!;lrv^l [WMrher^-UKl^neinf^nl 

■ ud iht- tuiircflnictti (juinf hmird usotms. disuicr wjiniii^ ^luniiC' 

^'iriibilil^ -ind v'fvutBi. oo^ins. rfobtl niifilin. n^i-vl mjlfriah. luid [ndwtion 

iim'hisuhnib lur b^djvgcn 

’Hw pnp«^ TTwld hi iduirtt' Jdlw 1tw irm>^j(«fi' <v;"r. h 'tifliii'Jn- 

Uid cOjplUMfb III iddlKin'. Ikitdeille. Ud ^Li'rid:ii:ll Uhd lUii^i: ildilCi id did IliSjOiUi] 

inhM^I. 'nid> v.'-.HjId illiniiw Ihi linVaj^ hlu'wn -inJ oriifint^nE -ind rutmiiA 

mil Mil cqnnfdi: ki Bliiilml^ IIk nifibri^iIjiiTP! din- ixvilil xrnti: In In cnli:>illC 

ilu f^mLU i»d prnlbn^i. 


Si3iL:ip:h HdOAM ^uilji ■id' imuYilwn. 'life mrhmxEC iirii:ilcrally ruifikd rrfEinA ia 

WfjiilKtviJii^xiuiTt iiiltN-CKiodn dfnt^ ndiKtiKundu Ihd dfitiutinKncdCold diKi; u 
-clNrit}-' IhjI I'ffdnRj fiindiic ^n^r«)?-][vh•nl[lt4'K]l!m^'v: l^rodE'^iMWl ii 

xiflUciUialni III A ILU TkiIiIa Htlilldullici ujiiu -df-niul^ulnil |H#:iiliJ IsiijficA liblAZmJ, Ih: 

Unikd StJk] iKcdi 1 n tr -udhie 1 In ^^drtd Iniki? u ill mpniLHi Hitdi df KHnce Mid 
■^nchfidTni: Bid. in^-^diEfl'n. fiivl h mei^^tuBlj' ■^IFkiill In wiiw finiJnE to pnruiK 

UMiH lUf d hlb Ilf rhd^'h. UlplULi^ dd Jldn-ld-fd giMlL dh erh JIUMljilll lidm: Ili^r-E^. 

khur. with £14*1 pfThnliil Ihitt itm}.' Idt« nnn liim In mlira ihn ndiiKlRirluin n^'enliid hr 

deEinn^ ukI fiir ihc ir^diin iiT iic-n Ici-faniiliii^jf -n ■toCermriJmE.fcu-iHHr iiflkiLirc In fnmle; 

itu lunih tUfKkd H> niiNUdin dbl upside- iL 


h32 


PPF-Pt'HI JflfiTi™ 'lTlimrt\' 


pidfnrin 3 ^IW Filillun 
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T 


1^]3AT AC.TlOy.H !ill!CH T.D AMKJtH A TAKK ]N Kf[E%fK A Sn KEMMi 

e[h: m kk ro huiaj> 


I3EH1 AM» 


]tn'qHlimdyri« C: .Wub jAi- rAd MdiF^Kl^rH' iiUIli^ iM W illuTc 

fx^f^>^vl re.iiairch n? iAji f-iua dewhp. rccnm. -aaJ ri/m/j} (he -twir anJ iv/gliresi jiu^nji. 
ictfmiiti. cni^-fl^^iHOdrs htt^^ rAo L Stares and rArdiq^ir rtf ■t-trrld. 

Vtfz ll^'t iA n Mutld “'Ik fi'ir 

prMfKrjiy luf kf-cnif kiiaMi'Jddef iluilf B ihf fanu of i:diKiiMJ p«o(ilf and dioir idaui'' os Jim 
Diidor^uil md Fanil WamAt k^md il- In IhoL h'MHxI. Ihf eIhKiI fi.mipftHiofi iiT» 

IcnefF rmly fn mnnjfp<ririnE and Indf hui ihc- iin Iha pnrduiti^ nf kno^'kdEt m>l Ihf 

iA:L\:lii|inh:iil Hill niuTiilliimri uf liw '1?inl ^iil hnj^ilq:d~ Fnim jr^iuJ iKc vfwwtiL fA:veb^pud :sid 

dd^\:lapinj lujiiara Jlikf oTl La^'Okllllg. in Iii;^ oSaiaiioii, nlb:n od Uia oaodal <d A xullc^oi and 
luuvtfill^E. IlkA' Oft: vjinin$ iBidft^ruduJie' and ^dluin: uicncuui and eiiginear^^ u fifavidd 
[bd o;(|Krliif iby n«d lo compttd in crvMinjoilw for iIkv po^jlion; in thd i Id'Otnlun^' 
otHmumj' 'NiimarijM; nnlinrol iiidiliviwJ.pri'.Jlf ■ifEinif^innK^hfi'-x nfOtAnm^ariWaiwiiiMiii 
o[T"r* lii *VTV*»¥ fhp npnibfi" ■d'h'ih linntiil^ Jinl irtlirm’li"md rfwlfniK pur^uin. lAianw. 
OiL-tlitiiliigy. Lii^^diirriiiy, jiid nullmnidiLK in tJi: LTdOiU Kiatn.'^ 

'I’htn- lb ixruam olul. in ^narii our midffpiadCbiiH ori: i»l kaoping ^ with iJKdtd in 
odto' nukui^ IIm L uiod liLaMs hkr uiiwisod Itu- prapodion ib populaaim 

oikmipE fiiTl WEvnI}' dojTifoi in the nilural lokniAii pnd anEiiK<«int n'-'or IwA oowldr- 

L'CTpiirii', kill il hmt hEill [piHiiHj, njivi' Tvavtn^ n IHh^ indiojliir ^ 

'IlicTT am: ijvni iiiiiii: •jiinoimii aknnl ^p'.Hjiulr udiuluTi. k du: 1kf ^■iilliiinil iif 

i'!> iinixardi jnd panHunorii roc idoiib ml ppuduaif ^.101100 ukl onpineofu^ pio^uiih daolinad 
iubal 2 wiaJI>'. Allhcaqdi' fnrDlImfnb 10 riu jRdin in fiUI, by 1 Imj hkd ned 
mumed lo Ihf paok nwnbm nflbo tiiHy kioino.'bik. Lhf I'niltd &ljl» ffeori niv* 


^ J JL rAmk^LKll uij F W Wrwiuk ^Infx^iAv^mivmA'.' FAc Fyairv cfjAr fiddk.' j1nrjic3 
!l*i»in!>rf'. Mil igtiwHopkinLll[aiifT>Fy'PiHii.}<4J>} 

^ Nnral-Uiaikaa nd avian IV a dffird b' Iha ^“ilMaaJ FHatiUkiaai rtfind.'ipttl'Kal bkihi^kiaL 

oilH tlnnapkan: ndocm mom |. afnnJ an j nd . output Eiom. nihorajcE ndfnpcHO'np 

“ S«ni <aioH^ iiT Jinionil Swam BfwJ Tta-Swnof -pirfS^pnianifl ■ro>fl'iFOfJ5*aFfliw -l*"'*'d> 
FiiOinna^rTii'dBOd-^l Ailialln, VA NaCiiaad Fi-kxmc EjiMmlam Volinf L. ViJ ^nnnl Ln 
■ 'onp^niicTEE Avudu ^Evrnev FALdinjIas, 0''-2uial n ^'^ociprlawuajlMa 

^ fodenTjnn ettifr pafXftAJ n Boh 7'L 

" hkiind ^TKE &iBd ik'iDnjT u^fnjtawwnarlvkLalijTX. Jd^ (PISS 04-1) Ai-kruOja- VA XiifouJ ^mar 
>rualnin 

’h4«£4Kl S(iwu Fotfrtn«i ^iKkioif GnrolliKiK inSciBMtindknEiriHnriElYoigiuisUbin^XEJ.butDKJiJtfii 
£■ Fir^TiviE Fimpi dOfioib AiJo-AiiErh'JFOlE-dl T. Ajirvkn. VA kkofaJ Si-mar FomklAn. 
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4iHlhntf^mlfw [wniilfTKnlof inHTTHl>(>(Hl piililMVcnl KfKitir*. i.'^r 

Uie- Idj^vciil ilttufek. ^rciAui± lAtaltDU at>J [KriiiJu^iMiti] Miulim frum Ar^u^Jutn ih; uimU 
hwr Liim: In Ihj: I 'siad ^fcil£i 'bi l^i: >ikvilu;£ uT wftol Im hcA Ihc fmnijT ■ini.'rfBnnil m 
111 kiinn uiid ^rdiiL Ai a [tjuh. Kinfiiuiiiiikl MbJciiif rty/: i>:Huiiiuk rvuk itLin 

a Lhird iiflhc iliKkxix in 1 ici^Li: jnl m^irunr^ ^liliulc irhiKih, iqi fnim lc« lliin 
Bburdi III Men- Ihui leJf IIk inKmKKmil paddNluid xhlin aif- Inp^tiO' RiiikiTt^ 

uad laiir IliaJ l'.etticiI Aiclimbi -mJiiilf Ihc I InilcJ KlaJ^ 

Mhiv iii'Sii; iRltnuli'Kil twlcnl! iidih.'jled in iht' (. niLnf SliiHii tluoM Id nmiui Ikid 

idler raMivid^ Uizii craL Uic^ -iiKlriiMli: Iiiili.li Id ulh iiiililV Id LTti^ LiHiiilnJ^, 

piudiKd lel.'lll1Dk>tj^'i^l iiiKi'jIkiu. inf gdiMrak joto- ih[\xjdk>in Ad KDiHiTTb'. Ihd piopwlidn df 
□ lIcnuliijAd dAiclurdk I'diiipicrb reiiiuiiiiXJ in 'Qa: T'nilcd Stilh lAci reLiiih'aip Ibcil dc^eu* 
rneniaM. lirdp p ihn IW^ fuhnuto-^lNiii S>i>l*^ lirtthc ^iMi'iirpnhb'fld'itwdixirUsnf 
1 L, 10(1 U uiiiiJdpd diaalip L-hmii^i in 1 iii |■lK»ill^ ubJ iIu nliniru drinicidickniil 
Finriflipi TPlyinf In wii ^n^^hn[: p t,® impnni' dwIirwH M.i|Ki7nirFTllv yrm 

KC-c^iJv. iluie hm dlmiiiips dC revdidfyilidUd^iDr, nidirdsiill (dllirijt 3tun«f<*rlkriieikh in 
■nil jifiiiHpiB 'InAnii. Aindhnr mlinift ds'i'dup thdrmni ar'Nirp Lij'parip;* 
iDdiKMipn Id rdimn ind lyniiii durd ^^hlp skilled siuileau uid pdAsiiiwb. dlle« mixlelid 

aflcT l}m: I "K V4C fiiu: cvim furllicr uiurrLiiiilv cur In jllrad ihchi: xIiHLrth Lu- 

•iur iruinibC4i5 -iriJ ixi ^ru'Okii^d'ilum » Nlijitm US- Kueiti 

Hill dill jihd mdiJb! I }liiJniki PrTm jII kiAhm uI" iiiir iiuii b> 

PHlkipilnn Kimtv. mndieniHif-i. wldnufKdTinEPfvifrdiiieciKlnd'lflllN hvklfdllmdvAn' 
vi.3uld la: our LiHUfklliliin. 1^ yi-ion BiLTCiaLiJ. pkhd uonifkililinn uni rubiLid. nMni Iti [hi.' ( IS 
hiciw ediKiiiiim -^ilem. r-ur nionfi'l. edih'iiidn diri nenemvh nnufriHf miirl «dii«l lo tkn k a'in 
LTjiiliiin: M iaiu lUW Of iMvd aUlddlVh Cidlld ulillud 

Hh L'lMiiniilldi «i r'n.>sipeiMH: in die tViolMl tcnumi.' of die 1 III (.'enlui^' 
piu|'HiMa fun jeiuirci cu. Inrpeeu’e die uderc puul ^ pd^eduidiiii' ediKiijihi in die aei^njm uuJ 
^i^riccrinf ilirTn^rb Ihc inkncil of I IS cjlirwe. in wirkir^jart^vi: ±ii(v [am'^ inp n ngw 
piVilj.l1ddt dl'd-yeid i^er^edudc UliHikidiipi.. Cidiidjlr ^ddUije edlklCiiHI Vn' Iddl'ihl^ rie^, 
pruldbjy faMiiwiiiipi, prc.i(iLi ^lue ureter. In ciHfrmicr. ul c1||ct -rj ^lu Bljiirp: IliU pnwifL: 

cceiiiniifii; edacilidn ferllKir pfdciieinR scienfwu mkI enefiediie. md hktuh euid Minn itw l-si 

uul triplexcre Kiluicniaj uiicT#i±i. mil ynjmeun uiirhluvulc hr making Ihc l,hiEaJ Iili4ci Ow miial 

eltn<^^^'d FfKe In -kudy. e-ondm ntseavli. ind -.'vxinTNMiiline KehirSniiKil iiinodiunmi 


'tAlidnd AeddefikS. (ifiy.’^Li.'vnerii ^JkhrHRrul'Cmhtr fthkrlb irtf^dAldLaeSiW je-MWie? Pk 
UnhdAiiar ^'^lar^cai. D C. MAU^I Ai-ideiin hThd. IHdi. 
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1-t 

.kurillcf Piillil uF [m: ^<dctk't JlkJ >:tlj|l[l4.Tl'llie hlHititM Httvril'ln 

bclie^if (had '.'jih for in:r<iMd nuniNn' vf Kinn- 4i>i ctiEioAims ^naltnl] -ik 
h^ciJ rTKT£ im Ihc f^kr uf u ^irTrn^-rrnn Ihvi m fe ruitim In rJ^'. TniL^iJ, xLi^bk 
ihic ifMrc is K (umm ilofurTNnHtl n iIn lahrr (raikth kKrai;^ wl encmNd. hi 

fu-L ill v>lit ■ Ui-c hrilbi^|ilil LJk 4^h:uA:.* RH -sKiiiifilK:, lAkutfi SIe l^ik\:idr. IIkFc klh± 
iKyn sinpluw^ oTlft ui enlists il Uid- dHlmi hitfi u[H[ii>l4smiAr ^ ^irMdrv Mid 

LyuJTa iA Lhc- iiiluiiHiCiuii 1ci±jHjil:^V :ei:I(A in Ac uIUtiiiiiIi ut'l&i: ‘AjI-luiiiV’ 

■^hhnij^ iIkn twi-T* h«n bs-nraip i^Klinirit <nr»llmiinl' ■rd'l.lS STiirfm i» 

liiafc-i^iiiBlllBlf A^jjlKRlfl^ IBUl^Ettk UlJ Ul Bciflll'C LUmJ -Cl I ^ lAAcim ^ ^uJuilC -cJlElliuil- HlJ 

ih<*4 smnwiTFi h^fF* imn cnirpiiBdfid' hi' r^fid rhsiTai in Mrwnllnwnp ijT » ii(i™iinml 
ATAikiMS icmidins. ^u'aIIkeaiS' ui (MddiATidttAM -twiAdniid: Jdd Al' Ulf L'Huem in jumtljtiii; 
irinnw pnH v'lein'^'dnE iwmilv >i''n 

;%ll cF'Ilki!' iURKi^ ihiL ilM leiiiuiaiiHidiuuni' Aif iildcioiiil siwivi Fiar Auibonds cd' 
'"*'*"T^'~**""*'~^ IFuiiuki ciiuU Ik Felling Ehinc lilimlcnJi ufi CjTjsdiH L}ul iu( cfIiI. 

; itufy: arc Omu- ihhi> ukik ihdi uicmiuoniJ mndciiis crowd am danoMUL siidctuc Mid 

Ljiii ■ iJciiIee el iiiknuaiiFid nrrd.'knoili iiiuU cnuiura^ niirrc cilijdii, irKilikkn^ 
mdivifoali trim iindcfT^csenlcd p7>T^. 4o pirsiH f adiiih: cdii:<li«i 

d^vcrllk lul jEi.'kdL. Ikcrc hjj lu-n kiiiiilv -IdbiA: -aicr '(K: aunlu' iiF FI-IB i Lui IluJ 
ihruJd !>■ kmod. uilh I'nivnl ciill]' hrih fw (icrdiwinE aid Ih< i v. iwani 

icfion ■ol'Otz KiUm'iiJ .kcodcivta^ ji’^d Ai» diHC' wib iia Hcionillio H-iy » Cuyl Uk Ti.jdu" 

nimhoT;^ I l-Hk! hkI IIihl dcli^mng 1ht apj4i'^iild and mu'l h a jviliiical 


^J^FTrrr Micte Lk«m Fh- dv ojubl lkvfw.h>](aaCZ^K-tw IEi h!lxF(l llllftj- 1^4 

^ h'uiinB HoumhC :-»££□ II i 'A n i IC i ifii ii I'a ilii "iji' iiii ■! 1 1 I' i miBi. llWi n^un. UI hU»uj 
ihH^ 'anc 
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A[ TIO\ C'-l: 1 Uvtfl^iaMr Muiylluli 

ni'iit'*r¥nlinHji1i''n oft ¥i;m«n''*i»-(TnlwdKl<*f'‘f ierw' p IIm 

pJmuiL'ul ^^'Kim:ci, AJiniL^, -nii^^aii^ ij»d iiiilJiniiiJiL'b |■u^alJll^ JfjHHl ikU 4- 

1 1 M iM|ii lili 1 1 in^rpaikiA: Fbiii>Jari^|fi.q aarh j,vjr lij 1.!A iJIfntlir^ I jrediMBirf: 


He I'AJrr^i Ji^Ci: RsilhME ^lAuii^ m RiSdiiL'ii. Toi.lijmjlLij^, Fji^n.’xiii^ Hiij 
UaJlvnuljn pni^un Tvndd nmus 1^ p^ru^rlb^ ']4-v£EHikfe wU 

Cin\ [kDi£^^ in tk’ niluMi «r hTisirMemy. frcfn Ik: h;irn.Til w \ht I7v h^rkhm^ 

□ bnJ^' Hd ur buthldLillj^ ujrpuanJ Finlni. Hfihl'c. Tiivnei. KiuIIi liiiJ tfir C '■iini 

K i|M« rfKii|i.i)i*i^ti(iiiiiinyr>¥in™¥n*.ihs WlnuinE 

* 'Jk Nali'iul S^MRsM FfiBidiliM stnuld AdhiiniMd' i1n jrtifrjm. 

* 'Jk pfi?fiiini tbnjid pf^ividc 2 jUOW +i eir-KhoIrr^ifi ^icti si?ir [O' US ntmn 

emiiAliiiA di>«^iy:' ■ibiliiiH>dy k [jui^ut: iMkilur'k In ly.icciL':. ymkiiiiiii:^ 

in^hu^r«i|^ nr Birilur k a iiaJiiiml acuJc dyn MCiiU 

Iw l{)U,i[)OiJ aiL'Iirj siidenu a iJk pcniriin £i;h year.) 

* KlicAilill' fdT ilMst LV^'fidsBtdtbciriJkKiiMni^CiUldktHHd n Uk nxuttsal'd 
LViit^hi^c kCamiiJ ^Kiiiiidtf kvL 

■ 2k ^L-fajjlir^ii|^ WuUld k diiUihiAsd lu i^JUln feuwod Uir biu nT difil 
Lvn|jniifaiat iklr]jadiirT^ :Dil ti naliJ 1a: ^ udAi In' iliJi^ 

w !Rn:f%nJi nii^ id^ Ik ■L'hiiljr^iilfih li Ky j£LTr: Jik J 1 'R nc-JjluJlin.. 

* 2k u-hulu^ilp^ Vb^idld fum'ldc U|l U SSO-ilUd r^ulein lO |li^ iiAd. Icr9> 

a 2k piriitniii uutiU i£in fftm dU' r^^lpkira' libJuuiLuib SUtHH uiiiMaflb. 

* 2k SI .lAHkan pivsfpiut uxiuH phOM iB QW-n A j-Mn iM^iH^i; Ji U7!> nillllcii p<r 

■ 2k fedcnjl ^htsiiinsL bbuuld lujHtj lu :^ka V? dcTELb acmuiiililc 

airnbwJralivE -'j — ~ 

V uinJLL hu 4iLBa lu-umim Lk rccf^l ■rd 1.!R.y-^TFAI KktMihr^ li i i i ^ ^ Jd 

(isn'ifntbit prit^iEi In dit- lu^ipHirt^ -wd iJiir Kioirihy m^iliKHn; fmni 
dies aru 

2k ujik|^mliulr vena liavc l fviiriiBHj nTliaaiL'i: uii -laiucr dim:liiii. uhd dicn -jin 

[Hm- idti .1 rpfaiElmrtl piri±pjan4" '"k chnrm In m^nr wrl pia'aw in 

}i.’'isi>L>t.iuilKniiUL'kMidi*£jnt»ritd. Hownbw, iMiip' irnn 'aidtirdTjAML^i nprtM in nidiml 

■1 ajirnr;^ mjlkrnolici, jnJ EiiEauaaiii^ Ilian yvualiiAi -zirn^^ baklor'i m Ihtxu 

fwld^ A Iwnfd and ur>Hhlia namnnil ElTml In ■sriniiilile iindirFirkw pl<ml Mtti 
I'onimcactii in nui-m vbiA iiilnih' ilk prnpnnian dt'2^>^if-nkt nntiien hie llfii dtiurtti 
■1 du rIci'kI rihuiplnciL 

Ik KkliT^lip ])i«£rdm''<' nimib-niKn i! cvrcftll l-im. in Jit lonf lun. Ik L nikd Stain 
iiii^ line liMrn niHiEh M'Kxijj>ia ixid biElnc^^ in dun -ct iiuuirijl j^nila il'ilM naaiikr nr 
ditva ii. ^dniiln fmm all dtmnjrpiAi^ En’nF'- infl"d(nE wiciimi and. 'ludtnl' frem 


" li sand -tun wn 1 Tl n ib I ^lad Aiia.nrwkn 1 fTTi laid tadiitT'i dqiip iLita 
wuil uufUM aJ ■^nurr^ 
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urfknupreMwsd juutipv nn inLiitdK in pK^onhtn Id our niiiiHi'i' rued 1^ tom. Li ihtHikl 

hr rK^Mj [h J thsu ik shvLyi rinicra ]itiiii to: jvjil^Ej.yi iirjiiLn Ulh: ud'>i:icTiliili uid 

T> tn 1D mLHtJH iidial^iuullv. .'\lllKiUeh jg k iiiipi>utitlc lo I^’Iufk ILk S4]£^ 

lh»i 'itiiiLy Hhl dininnd' h^Jwv ii !ii(> irtw* il irr^'n^nirt (» hr^vc 

lilUlllDn df JciLlUjjev Km iLit: lU^-Crnil Dldthtk. hunh^rUhifi:. i k. iKed CMid toil, fu 
f i:inpk. in frsincfrinE Jr^' -sn fnHidpiiiin Fnr Endyj* ■‘‘nik 

ill wuih flcldi ji h»jnni, . inrnJ iiiciJiLviii Fm^'K. il ii lIumt UiiC wi iniuLc^uiufi' iiiTTFy flf 
UKnu» »l tnBinetr: cm 1-7 b^hly dnimmlEil to iLk MlJcn'i urllilMinB. 

'IIk Ki^niJ Biilii iljiHi Hir Uir pruf{r.ini k In niiu r IhmJ. the fkIJi k'npiiniTiiiyt 

Add duihrmuiii'^ KCfun url dr>tlj|i i lir^ ikat iiCdu: Ik^ uaJ bfi^dvidii LiS. ^mdcitib. li Lhculd 
Im tnniidiinrf n ji¥pJ ichNMdmml In pxliiripi*ii in the I'SA-SrEM irnp^m. ■mJ ihi hnnnr nf 
itfcilliin illdUlJ lu- diJidmfi^d:d biy dl jiblkddJ KiU^UiDII. L'O niUdl dlfllhlllty, titilpKlVb 
v,ouM t>c f'v^cltd 1n [iiaintlin -i -epotif^d -lundiiid cf icoa^nK r^trlkiKt' in itKir 

LTMiiKoi ink. 

Incrcuini; panic^iaiiDn of undcircpiciHtood nimnnlioi. x cnlictJ Id ditvipi i hiRh' 
ipn||iy:r)fifik'iifK^iinlii|i ind ifTiBiKen infcl'nitid HlpiyK ijv'tr iLis: fc^iE **nn iHi- mrncrrls' 
^KHJpi lllCtediD ii 1 pCIOJIVIl^ dl' UiD LIS ipdpllidiDll UlifitiLng IlkilT piniDipiliOn liDf In 
•TWDPii HiilnnpnfymiE. PviiikidiF'n'q HT5 jiiii -fn qi^kiin >n«nll p’d^ipali'in tNfl 
iL'KmiA: ■iimfj. IIk r.S pipididiiin*^' PrIii|» men Mun: iiffniCud. k iinid jh: 

undcmiToicwcd n hIckc ind <nfinc«rinE ■ mr iDcieLy, arc ncl iIIticiibe u nuny of toe 
iiiiDa LjInilnJ pcilfVL: lii jii loqHEilaiii ic^ncnl id* iiv LnniulM^ D\:inuniy 

In ponMOMidiTh' ediKiiion. ton: jj£ aiixtY pnntiplcj dix lie^ miiunv-^up ^d<nu 

■ iKcyuil. riE^nft™ if [icU Thi# IbiildinE t'npi'i-'rinE ■^nd Fiiifnoi T*tto<'' (BKSTj ■i-minilliiy: 
Dul tod ci^ ki^i prnciple^ id ixpoixl Kpfib^nuiiDn: 

* IniiniiiDiiLl kidink^K ’"iniimn'ini Id tolibkn,vtoii acness to .tmiiiih oomniiton'. 

* I'lrBdled lOLPtitninl hnmttok in and suptpaionE. i ti.-- 1 Z Litidcr E^Ttot. 

* Kn^^dflddr. RiViinblp to'uln'iMtoikEMlDptodlDriaiddnililDiJL 

- Pnujiiil. iELdyEHin. .-^^SdiiTHtoii IIdui^i iiKia«iii|f mil lUILnui^ dit: I ■itoi[y n^:lL df 
dPch JlUd^lt 

* Pmt -wppDn: (Ha inp etudenb DEfiDilunitied KtrACUDn diM tniilds Mipporl itrDSf 

inAiirb iHil pniinctdi dlluYivn^ in :ni mililuliiin diiL^iiic; ind piiTcwim 
» Kniiitoid mifWi CTpiirwn;^ tlLftnrE IwjiL-nrkilK^lwiFjTKini hin*^'!! iippirtpuiii^ 
and iiuAtoT livMnAdii|iE toil CDiitoi 1D to viocld of yi mV. 

■ l^idje Ic ihc- iirAl lei c1. I'ixduiii|^ KOilniiiiiLil rclijiuiEdi^ lu Htoiii ^Uiiknibi ^DidLV 

the pnltiwiy! to camr dci ctopnMffl 


" Vtaitid. ^Itficcorid T.DL'hiCilDE^ Qitoi fitiLMbf tSiKtit LtJiiDHTllbi TniMinL IndfriEHmiitf 
il\jT.^|Ljra- H to- i^^nanr. WnLixiJtjn. D C Eueulnc-OdlR clto heiikri uFto rinlaj Sliln ZDDO. 
L-uv-aasrmJ finniaui m Lie .-^mmieTj E^lA'sram HiJ k-kmiLn id LcIull, viL 

CDecelj^niri. : r±nvniii.'aeiiiiineD ^Cimpniivi dldyeii ieimec DJefini^ny^ isd 

T#etnili^. "k'A MnumJ Kcunci KetoiDm. HfO 

"' K'dnfl-nf rtiDHIitiBii liHit tiBWd An -‘uiVflipinHamDn h m ndKam ornkn ilm h nci tcpkiwd id ri 
lUkM pDUUId SuhiMtonJlZUkH. whkheDli dfid intainnibJ> >ldi EtoliDIri.ti'ilyiitoiM. lepteMHiD 
enilu ■uimn' B neU u loto eitoiAMh ei iIdc prito '' .ill- FeJiei wij hi Tclteflwiii A frCdi ^piDliJiDj 
ine-fpXioi. dmin Lnii7m.Y nireetmi^jli- l.h|k^lMJj.^31 

lluile^ L^eiiau^ Eia.:EcKraE Tilcrai'dli:^ y diyn^^id: dii^WiFitoDasfl'liuiynJ'cu^^i 

li.^miKuy riDhi>l|j[|, ■kiitoiufuiii-j' Ifin iyi|A tlA 1-1077 Sn hnp -.-vici hBeerrtlYrai on 
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CrtflijniKriu riVljllaJl■^^' kliHiiliiTniu uiil 'nnl'nu. P^.ifT^rn 


DIS-T tM 4 - un » noltf ItuI iYtn ■A'ih li \h<r Je«£n i^irKiplea in ptoQt. riHnintimaiv^ 
r^inriti ILk -iiHniiik: ilu&ab ■>. ^ilii-jl luiiilK MKiiiKiJHii^K hIiIim jIh'i u ml 

imiKTlHil [lcl«fnii[un<afHJCc<M in histwr tiducjlion 

.UTIU^ t.'- 2 : r;r*<utiL' >:i]wcilLuri 

IlM Ibdiinjl jov-imiMiii ihouLd lundUfiidutixi^luifirAT'u^ui ^il.'U[>^^<,'L'c;'hJ»l1t^v. 
FAfjnffoinE. ^rjIfvrnBljk^ (.O^-VSTE-M J. > non- .Khfv'hnliin l^npani lKil lAiiiiU pnyi iiL 

iJXil |H«lifel± uuirljidiEliVdh' ut>u 4>J Iblli'ifrili^ r>jli ^'cj/ fix rri£>iiitkiiii^ 

[ ^ fhinwi in Kitnirq. mnttHiniiliirv imd tfnfintvrinc tn>ff runrinc d>cirie<A m IJS 

lijnv^ilm Fijilihlt- IcIkiiliiliT]^ ‘AiMjl J fuulx -iWcijIy iludjib, Vffai- UirijIJ ufauwr 

•libat ilit> ukiti k> punw ^rjduK -HiidkA <islt^ iifliii^uig io tblkyvt (^4tv r^stMic-h gnw>. 


'['i'pkilb. i^lItj^e-MiiuniUkJ rt^tnl grdiiiitri cwidef foLlm indaiidoa 

wh<<h)T In ivr^iv cr>HicTh 'Inik- An "hiriinf inUntl in i fwW :mH ilx (noHn^jfliwrt ivi n 
iiieiiiu' nllid l-oiii/Auu: [u iIm- fkuci\'± »dt iiTib tulufue^ Jlk: ivjlldilfi alTinoMlil 

iiifpirt ihf ml*!*? iKk ■nf in;m*# whik in wlwnt. mH j?b- [mnp^-pp irpiTi (pnqd^line wi 

KtvuiLTil: xliii -!■ bluiklih' iiiirkL-. IK? iiibJLt liiiii im:li UHiiJv huppjTb duiir 

ftKiicci ‘IIm rlKKMiii il}i:lc[v« lidiicilinn An m is i. InjnMndJU! -alnulii! 1c fr-iduh ^id>' in IIk 
I dl&di, mJ xixly liin hca k«---w [iu.TTni[3ilB9y n:iln: 1 ic J III hmS c- ■ hiv^dla-^l ill' 
^lUU iitc I3 :a T-2]l a iUiillif dTiHi a iicvi ctlkd fa lu jneii Uie- nuuiii'i kr^-'Krat iied CCf 
PWTifpdjt :wl inenv!!" m nnH'^iii!". EJn*?mn)anL Tunimint iiriPcirJiiciTP. iIh naiinnil 
^yiudk. uiJ UKkuiry. 

Ik iJcmoiiidlxN mike: IIk Mkiyng nvonmKitdilicni;: 

V 1]k kxliivial ^jcTtrL ixwiLiliiin ^h'^3 pIkuJiI jihniuiin' Ihc fini^TV* 

+ Kwipicnlp iipnU u'l iIk cmrt^ * kE: itiiiivii.in (c wIk^ i}k*' hivif Ivcn Klmhud 
* 'ITk pTCffwi 'iK)(!ld I? nl'.'i'iKl ty * lK*iid cr ryriT^pmiuKvp fp*m rrfini ^HTwiiy i*hn 

aiulifv xniu -iif luliiirul ‘fuiid. 

■ Tuiliim iBiJ Ibc icinkincTTErll li imU Ik up li> I3](kl1l3l3 ■niiiully, jimi rjiili Tniiiiicid 
'rtCiii£[ii:L'MV't'iinunmiiEii[Nndi^ 33 Uj041J. 'IIktw inuunu ^(ll]ldllK'*d|usltd uy^luiit' 
CnrinlHinn 

+ IIh pcipHn ™ild k in c*ifl- .! t.™!* 

» riH r«*»nl t.>^?ranKnl "tt'iM pm^iidk pppr^rr*^ I'mdint In n^rinnk in^i*:kw I" 

duFny c^'x^ullJll1^ mbniiiiplrdiiiu 'Exik-Tnui 

IlKm Iupknimu4i ikHpk in iw^nl yvirp iKwl Ihi L'niicJ^il<i ipfMinfn 

luiMM^.iAuiU^ Ul hEv:£lE^ Md llUtldillJ [blb^ •]. UK duiilLlluJ kVxl. .UUlUl^l 

Ih^nc ii [kK n viiiii il lJi<. mmMn! nnJ IhEre n 4 dinitmimi in IiIkt nn[k(ny hy 'ficU Ihf I ywirl 
IcemJ Q? lUTpliEUE in KiHnE uuw K>d in i?llicn, [k LstthIi Tn ixirfil^krrfc xki jn: 

iimk13kI«] xMuc Ike £C[i«n in. i. tduki cnmicminl v;kjin> uienoc ind wcluiclc^' ptay ne 

iiiL'PEHini^ mk. Ik nlDinxk: frw IFk I'ullcm ih^ ti IliK llir iiindu'-hffKiirfk uilli JuiXetiJiJI xi 
UKiii^iuya.iicdiiFiirvkiiik ■bJ'iii^dteixi^i'Ajnkd bunitMt! ym liiiAdike]ii 

PK? TTilh 1 bii hvmf pine ^nptwlKiw -rf wIak? -ind ifsiihdnE*' I" liw Mlinn'i imEpniiT. 
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IKH'iTJ 

lurin' FJ>Trih_ .kil 

.'y opi<>d |t^' t tyLci^ in rvipniiU lo A# l»UK:h tjf ^ 414 [ 1 Tlih md du omdr^E dirvil Id did 

CrnilnJ KliJr^ [mLii bv Uk RulLtC 1 iuun m I^E. lIkj ‘MjliiB^ ]!h:li^r rXci 

INIW-S? hniiMrl ^ria^irn ind Irjini^ ^ •™: s^iiFTimitH by ^inii|li(i|iF|>. MinTi (M 

dT-dic^ltid NiiHniJ .ymuulidi indSfiidy; \Aiiininni»n jMiIk jUiioKDdEdttidnh Kr^jda 

Agpicy dnfiw die JvjrujiJ Rc^iMn.'h Pn^Ei.^ mj »jE41irdullv 'n.TiiunJ NRF 

IwdiiE. Il ■'iw rundDd uolh nf p>khjI tHHi- nifhjn {MjiLwd Id US fftdA 

VlJlU). \UK A pivid'jldd lUrdUIE M dlllkllUd [Ids^AIIdh Ihlllnidi: Idfl^VhipD. LDIIUlMfidj y 

IjndiulE ilu^^i fmJ^^ui^^ m icirnor, mjlKmnlici^ lagjncci jnd Hirui^Ji hnpi wri; 

Mui hu'-irndiDd loui^ iof [mhrsT'idurtD^ m Aty^ lidld^. 

Bv ilu- If'TUi ibd- iLfl bd M^ly iUfKrMXkd bA' Liibdd pto^uv^ hid. lu ld^*d> 
rurmiip in Ad Nm nf nv(ia| rwhrrl 'tDdml-i'wi imjr-*™ ''* lln ldEj'l>li>A< "llirndlih? 
iMfMiky ■■ hiEhr -dduDJiiufi u Ihd Kdim dT dd fDiiid' uu. d'^pinAsd Id wludd nual dBCfbDn 
■xj flrijll uf hLUJ^'J" 

Jo^y. hiTTFriv^r. \\ttn -sre i^cw^rM- ilw Ls^wl****^ pf LMsn^ 4D4f3>iTi:fkJ‘i:T«f 
IkJi lAvrtcldrci! Tiu KiVK-d d mi miiiiA i^I rriON iJuri L3J}UD [HrMnu-1 wir itw Ibi IQ 
^1i£ iJir iDiK lime, thr IXfR fmjjn.'t. llul ill ibiEkrim*!: dLnunit. VniTI siltcht liv niiirr lliui 

H.r»if ow lhi( nen J ynn 3iJ IQ^ H'-’dral niijor aliAc^ i\nct I'm ^rg\¥^ tl«K di<- 
hLilllur dl'L'S In iruli li Wa. lUecli^ rUliulii. hu^li^MiL ij^ -d-iiuMIlik 

in.'wjlv HKili ^ Sckmuc, im^rKcrn^ jnd iLilh ixwijiiia: luve hTTV lii|jli pniir^i 

KTiHa- et:n.4fTfiiefiiii ind sdiMniJ ucturv 

puviliuTfe ill ijiiijiial^kill .4jd.ll nilfUEr KCitaA L'Li^iaiL''B«. ii'KUiii^ llul 4iil|i* ^.'Ei 
crisivrK rfiiiV ^'iw iindd^vlLijU:i jk 1 U! ehi/Dii, hiil in ml^^' iiT Ihc Ti^lA 

Hzu.ef qtieH ^-¥ cif Lhi»7 ^dininc rhL^ -ar? s'hipma. [Unr^l^^lm19 -ilw \^Km « Ilu haniw 
iiw 60^4 iiFiIk FnliTiJ K^F- HifTkriHi>e b uvirr fU, uhd iiluu iiF iIkk: fuoplc ht 

fiiTip|o]f(iJ h> rh?l> Ikpirtoflii iTrf>d'ifTW-^n^ r^Np’nMfTil ir^-TPivari bsrfliffc^him 

ttM* dMiiHlif .Tid ilahJi cmndviiJ inHr«::i- »f 'ardtHiKlus. 40i:Ln1^’>£FcsajviKC>eli£it>k 

icimJiiLi uidl sii|;bA:n. 

tn ixi 1hi>M wflMm*. Ik'lJ'fc^ pm['"«icd in p(5 Wb^ ^rnMipn n new NI>Pa-^ 

Ihi iie^h' y\}£A rikfcjik^i I BunVbec -hFam diii taut tklie^d- should tu- 

hv Ihf jnBii*Eric^ ^thc iirT)^rul 


Cim'iditt-. llid fniciul .pi^iiditiVk^ bLip|huilj TJIOO lUJI-Wld fcllu^i Jid Ilr‘jiik3:i 

NCnl iiF lk:K ijantf »n£ pnm'iifid cillifT Ln- indJidiiirv. irr diroJly In K&ukirfef by tk SI^F'i 


^KQimiof ^paiDtfi I %virmM. H .^luMoa' AJlujcrojidiiM^uvui' 

Awn^i IC.F'f^HiU'MibaA^x'bUui^rix.ta ^/trrnnTV' W jeAv^wi nr AJUMhDM ApiMiUm 
I v^ .'Vn MJ 4Ai 

'' \luhul l^ruiJL. 3<i^, 'lli|jvi U^nfWiVJu* ■Aic4b' !^cbJ nixm.' Thd nnwiEh-cTPI^w llkuim 
2-lf^ 1131 AxiihMfl K bip ‘.'cLnwiA un<^DkiiV4hly Vhl.1];L'^2b0aDO1 Ieji 
^'Snml'bcftfE^-UiMb» ^ldtar^ud^^hlHu'U■'At^ri A£iiU4«k 
hifi '-^n ikTiEjyli^ vil^ii.i*u^'Y1VJi._T1Rlimi#; 

'^SHbqi -vinr bimuhnb niLAW.‘idiZ hin irJ II R 1 119. S^ii¥*J rWnfl Auhvuiim A^j-tn- nKtl 
Yar:3!319. Sic I Idl Itmi MEtwiDU, udSaArzh TiU£fivuuviC33.'lART| IUimc l^iicizivinvffui- 
hMuMIlELamilUicuiAdi^lKAL Thmil 
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li<««i[vh n(tk^:<hin FTf'fivn hhI rnl^j^ntP'^ tind'Kik IdiKPttini' 

TrdiiK^Jl^ hni^BTL flDI'J^Tl ur h Uir TuLiuiirf IndilillrK iirikyUi 'Hulh E.. I^in+jlhlnn. 
iNiluiiii] itiHcmb !i£n'ii>: Avrird [MUij^uii. Ike Uii' Ihfirunenl KdusJilioti, ifwy^u^ ia 
(JntdHih .'l^^mnce ■ .'XiyMi nCXelionil Nitd prueiani. Jl]n|lrT7^'>dc;1^ei[M<lhip] ind haii 

muiliiiiliMi ntfilcnllR lii|j.mnw ffiT i^rP-ni^iDfj. Ip JLiuizniir pn.'^jm^ Thi>K liiipiirl^re 

f uiiriMS ariuppoTL hi. die^' meei Mitv □ fruciotL af Ae seed. Hie piu^sedi 3.D09 iie^' 
felbimbvd eidi ^VB' e^raniallp inilt iiutiuh I 0 ZZIHH) 4u iiMnifaertd' RrjdaiU sludenis 
uipiwttJ 4 nnj- ..'tK iTiWi:. fct hirVmii 1 u rvivMf ih^ n*milMr ^ I.IS tiliryiF !<nd piJiiiJn..3e 
retideei^ iiiru^ dh-ihiJH iii fiiiiuiuUyuiiiiMiuiifiekh. 

i\}nihle ^jduue j’efldwthfr;. 4ii>iikl inlrdei hj^H.|iiiAff^' iuiieiil^ nuJ dl'Ctf dwm leoets 
i» Ih: Ik'S «tF«li'T(i SliKhTTk '"■hn Miif i«wviiiiAynvd finriK^I 'iiT''rt f iniH wNv* 

lile I'H S:uicT1w iUdiliirA.. dud lull Shirt djub inlieulii ujll Ihrt udILr Uil* bus£ u^iirduiiiliL-M CU 
bhxkddii their expEiu.-fh:e before they lejd l^uiuin^ on ipeeiile reeenvh 'Ihe IblluUidHpt uuulJ 
4fT«T)iihUn1iid a^d1ld•dv'^^llll^'Hl riinwIdurinEdldeirlv'yiw^efOhdtHyte iliidty. »rHhdH 

iccmnplliiii tKil life ibiHjkJ HihI frum. idher xrujii, yiuh u TieMHi.'k 

i£erbitMjilllii|Ei. hieu ■erum.li ed^ieih iiieiUuih ’Ocre ideiUiJInL 

.-tB ahii^live pdirn cd view is fiul Ihe siippen imvided under Ihis lecnTwirHlilidn 

hhiiuid he pHufJIcd nid — rr pre mjr. — tP hill jIim |ii iKiJ urnAE me ihp 

funlh iHdh b dt'Luli'^ j %7irTT^eeliEHii\c i^ipniH.'K In ikhilml eduerthTL xal In ji^nnE hbsloibv 

ihrc^h VdJiKeikips. Kuril insliunMnii ^iims cauld be used by rederdl lluideits ■» diiertlv 
rcp'iw Twir? pfTp^mnHiv f hniESS- w "lit They ■" uiild -jI'p ■jII'.iw wliKinH' I" -nffmi 

prewnhjHif. iliuLndi ulni miph rnd i^ly Hir pHtilile 

Uui. mthe s'lesT' dfihe runiminee. pens'iditij&IJii^tife^dipeed^'iieiiudeniSi'feeaet 1 
EieideTtimnlus lp enrsH - tkI dlTi[r< ?n Htdili'iiul ppshire drEiKl :n)prnLi?TTN[il'id' iduralknul 
U,i>»lft Tlv fulli.iwiiipp creidiii ■eiimp^iii*^^ imnnE ir»*ilidi'ii«-iM;'"'tipHtAiiJ in^nlvinepd. 

^iilujie pru^unt .|iiieeioeiii^ ulTeein^ leieiiuh d^ijtiemiiiiiea. odJ feulhiesit iiid 

prweuf^ (lime 14 deEke. career giuidini.'e. jilsanMid assisloKt J. Tp he sine, insliculims m 
nnd. ihpiild utiderbkr mmynrihpjr imppw(nKipfr:»Eratbitlc pieT'->iii'e''sii '^ilbwl ihii- 
blBiilUl, UhdlTUnh lUhi: aJrvHJi nnpIniiLildd ledierm In niike prjJicjle iiiibi: L'lilrvl^ 

JiKinmidiul etTbns to prepere pTiiduiu sludenis Ihr Ihd jdhE iky wilt dNiui in iitdiidlry «r 
bChdciiK ind fp vercihe ^ henethi ind ''•pik cyndrli-in.s far [^sldKl'.>n3l scbplin als" tpuld 

midL dH LLi pruhpnh Tnerr rtlrbrlit-c. 

Ibe IKU ptui|ruii prupOHid hert: jjid led tiy NKt' sIwuU draw ethtee llom eefeeseucjlives. 
of lerkrd ledbiieli dEeneies 4 p eVhimibe hi ireu ol''faau. idn Ihe bun- of Ail idme. MkP 
mndl^ rpikd diTiTfulilive nuM-ili ejihdr pj> prl -nrill yyiiliPC. E'embiiev P;<isnn;h KellnwKhip- 
prvigrini oriliiiMi^ j LejiBeiie'peeiprMBi.^hlielied speL-dlejIly lo jjlrriiAMef the IblloMiSliips. 

'Ihe Ibi'iis en ireen nl^ulipiul need b inipeeunr ik> diture ni KhKfiJle suffli' dl'suileibh' liued 
dw:i(K^I hwiiTliili. aiEirK«n..9nileTrtlh(mievi»is^ jpppt'rvlceTH'lnytncni '.ippiTliinhifli. ftr 
Ihiere htu^rrti i^n rcOe^ ul''kii de:p'et:i 

Aikito^ied d IhSJi T- I , «se e^e^UOB Li Whelhef theM pib^lldh Ttll idttply phJduee 
hiienod md epijiKvriq; u-hri .ne umhie to ftol jslle.. Hkwrd nri iliu que^iens dtil Ihe 

gliiL of biLmriit^ Ih: niimher diinieiliL tluiJerdi Lh Lirreewy In diL Liiiiiminiii'k edu.T lihictti 
dhxjL die tdleccul ti:c' deeduun^ iiujnh>n>. of hnundin^ eiicmeiioaeJ -siiKleiEi. ..ti pisL \ilionil 
.'toadernks repdits hdse ndic-iled. pnfecInE. supply Mid demaid m science lUid enEimerihj; 

yn^iyrTinil ii pniu: hi- melhiidnle^ial ileffienlliQi piH* ciruT^e, Lho repnri p'rime-TuJiru^ 
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Dnnand and Snpply ^ Dtxlcral 5irHnnjfj and UnKiJircri: sf a W'witifep an 

}dva}3ndnlit^'S^(i(dl\ iilrunv^- 

Thi- >iSF ’fhould net i«7i[hK£' or spcnuir "nlFrul" forocn!^ of Hippb' ond Jomuid «r 

i^imlbdK ■111 ^Tiipnucm, Ind iKniiU xif^ijTl uJiihlwihip nrgnivu the 4if 

imiJerlviii^ iLAi. siJ iiirlhiHhiliij^. 

TliiiiP wlm.*i Lei (ivajud lirvuid m Ike Ixjve I'llLin TaiLiJ d:iy^rTiiJti. Tkj Hiirif 

-H-iiiilU pirhjlil_y bii Inc tciLiy 

(Mur fAcliir^ olu infliMiiiii! ilie- dtijitiijiu at US jiudruJ^ Oo monu COStiHL'H ftiKh 
F'c^lcy Impfical/ani Infcnat/atud itHdeatumd Pe^rdtKtcrnJ St^oinrj *n /ha D'nirK^ 

Siatat 

Hoi:Tiiniiig EtKik:t'iiik]£n$iu<fin.$r!iA.E':}idkin lK«id^'i}ii tiiuknu' 

peiuofilion'^itM K£1 l ilurt j^jil ditflA. 

m llio «diKJLiKnnl piKOJS. t>orQfo ^liiik'nlE rrtmi hq^ idkni. Tho dk^imlrililv «f 

'j LHO-T Wl !■ lirlixiiiiiini l.ty Ihc pn.'«|Tci:l -nf rilricih.i: 

u|^iiiillnilH:^ in du lk:l J, ijmJ h? u lam mink IK^iilin] nsiuiia^ka ^ihik' 
oiilw rdiiiillon jji J iioinuij £‘jn ilsa inl'tii^Kk' iiuilniu ' do;isii]iis 1o 

«[Tkr ^ li- fel^ TIh "pull ffrUrr" irtebdo qiiK 1p Ekem. ii^TnliJTilN;!'' olT? Ik^ ihip^ 
rc'^ir^h miiln^M^K. or eapwlripit i^kfinlshipi. ond n htilKr k I'^nE port dqctonl 

uffuviLjmrTC n rn^uipi: J kAtt Liiiii|ilc1njn iirdn: Hill. 


'I'lLMi^UiaM I'iKUHi i[BC j^lvuiI. dif- lizwaHndf' dcoiikil la foetb Ki ^^tlyidjnJiips £br 
dkvnr4k ilmknl; on orru pf nnckPFil iKfJ ir; dcfirmiiHd In- Ctdiril qsrndo?. wiih iniipt from 

L: ciirpinlc and btnlnci^ ■•-""—■■■■'y 

lii-thi: niikllfc niqpluViiinil iiiakri i^ill dkialr Ihi: lll^:iillHl■ ilikL-iiln rtukr. Fnaa u 
KBiaiul prfipdacAv:. jitotul dampoiiLion. m hiEfbar tdvjuan uid nsMirEh ud iii die- rdifuilnMiii 
at TliKkiTi' Mid -^hdliTS iTMUii Ihti. dH Uiiilod iiulof muil mreil n Iho d^^IppiTKiTl -ind 
rrvnHtnwnt rd Ihi: nnd IhieIIip'I Imm hpn -ind dNrvvtJ Lo rmwr Ihid wr hinir IIh ipJdrtl. 

iiKpkirf rw, uiJ iJew du1 LA'JI eiiiiiiiu: Vi }fur rrwiKrif'KH vii kn:|i uur ruliim ul llir biuJiiig 
od'-wusue- lUil iKhnol^v. 
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.U 'I l(}> (' i: ^ 'Mirlnulnt WAlba 

kei:p (XjL'ih.'iii^ ^leiiiui jIfJ IHO^iiVi: In -ft^'ii^iinvirii -aI rjfildly 

E^abw ud iKtUijidf y. cIk I'eihrLil ^munem duuJd [mivid^ ukv «it4& u 
4^|riy(r' nhn ^Ip ihfir flijihh pww ^"ilLiin<% 


'llit'L>>iiiiii[i]w'ifib:o[nn>j[K]jii[i[ti in; u liAmt: 

-• tb: Jcdcrjl jyn-tmnHfn iIxMild Miihoruu- 1 ux cnedn d' up lo nulKa cjch y<iria 

«nh^!U[?Bii >n>ninini(K bn imiMn IIk kriiTnb%d -inJ ikilV nf thuir bv'ioilidr «><l 

nlj^iih^ili^ lAulUt^Li: Ly uJIb-Uig -uf^fkpdHiiliOi luf il^ck^MedC. 

1 IHm ciimo! |c N piiTTJipl wi-Hild pi^ £^^pl^^lI 4 ^ miinNn ™nj iipp*^ liHiw^ri^ in 

ljK'k|>lL-ila:ll±'U,Uf^i;l£ilL-c uld Ih^ 

* lt>=^n, nq^ wr^U he pci|iijri»l |£i mqcl ruuiiruhlc hJnnLmli uml cniild fci; u^TTViod 

iiilcmillV HIT hy i^iille^^ and miiVenilitSv. 

Tu ulten. buiimi!- dozi net anwi ddsiiiiule]^' in in^nlinuinc 4diKili«i xid tniniid; fer 

m^liiycqH. fnirri l(>: TuH^f ihri mvDAaafc LfloU Ik ij«l if lhe lryinin|^ riuAik^H BirnpIn^^Ki 

iiiiiin: dQrur1i;cuhld-. iMhi puily iKm lii^ tKlwfElui miiiuoiciD^ ikilh li ilk rci^pjiuihllin' 

oraitinri^ifioal.'I'bKmcdBweiiMallcni, buituwcws UKfuourj^ L-inliiiuini!pKl'«SLO(iil 

iJfvTfVipnKni p tun^lii In ?nipluy((^. -ind fc* *pinr»n>' 

TuX nttdilk -JU dbkX lll^ KlJlbilikCk Id 1tl±^u^iL\il -Jliljl^. Tk inliMUlLnli'ib- 

Ic^hndlti^V Inducin', ict exuimpk, Lji -^nmitiu^ ditlli.11^' ui mieununj werloif iLilii and 

dnplnytrthnund 'IIk contdqum.;^ ii lh)l tntJoyer: cild ninkoT ihcfl vk dvdn uim iJi^c > 

n:litf iviilv lrijb> uik:iii|iliiVTi]ul. 'Iliri iiiiuiii^li -jvi Ikt ifiiiinliul hy ciiLiiiirjjpr^ la 

iliVliLul ncltjii III Lift ibie alYipL^htn ^lluiekkilU hl^ d tKikirlVi: tfeiMdld Uld Ei:-kHliidld;{^' 

landkddpi thiBjtn. 
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Tr4>\ f -4: Vha 

lb: fnJnal. j^ranobaf ^Jhi^L Linniiur Qi- iiii^iivc 'hikA pruuimB^ 1^ nUsiiiJiiiiul ruJcnli 
ilkl xihiian pfyyiiih Iks iiHvifli!: piy3i«hivM. oM ^rmiinue co niikd impfoti'cnwim sn iMcb 

iMikii M Lvcd wl Umlum. Lji.'i d TcrMikiilil^ TTUzIiii^ IIk Inbiiili^ dal liil, 

redipnxni' tinumems. aid rbwets in sjtuf. 


Sbfi^ WL I . Cb utixiii iLu III bnpfiyi t dutth ii.'fyiKiiiii 

inliiKCTliw^ vuilnr^i '|ll^lwd^ wH iriniKpt Tlw f^flirpl t^unmii^ ■. nmt 
lig^niiiiin;^ LviOnili rallic ii£:ru Ikj1 b^niAufimJ ilLkiabuiiJ ll3^l:Afl:}m:rx Iil 1« In [0\:linh:d 

inromKnim HiriMiuinnKnl d ing ciTir^cim e ihri llidv.vr rif lix tml inwirutKiid khMiI!: rkI 
CTi|||ittopi LBt dfcb CO LthiiC- Iu 1 ^'irtcd SUIK. in J il Uny dlJ dHir Ad I'nicd Sljlc:^ llidii 
inldlldcluil ind mohlK^' e cuiuildd. 

TK: pill-9' L I jf^-iui:li rii#cni Ok iiiii^ iiFiIk I'nilEki !iljiL:i ki j ku 1lun vr^lLiHiiiii^ 
plicd fdr fixtien ididlm. rM A! umc Iiitk. A? h^nw njlicoa of muiy pdldnlial inimiffmli 
iikrfi 111 Cbpii TnUiii TaiuHi, UHlAnilh firrm — Hnlrun^hininp Lhcir-mrri IucIhiJii^ 
indwslriid! uid unmismliii oaJ olKdini; icti ind ibKiiic'di » Iuk ii'Knuii'H and diiKiDOdiN id- 

niliMn ki llm* Hdkni' iiF hnrlli. dblirr lifmlrkii ki'c Ldiiin ikli iiPiilm' ll|jlA:rkid rciIrKdliini 

Id otKii ilkir diHMC AXd mdd^, jrd Uid> iddmii iiitny vrlu nil^ dLhfmuk hi.^d cdivM id ik 
F'nilcd- in iluiK' nr ikirHliid 

A f hiM •iny fior poFdjyamalodis ii Id iidixiicile Hcum' rKdtd: mUi nhu I'tiu or 

PdnpIg ami mliTnrtini iTiwn Ti^driciimii cn lydi'' in mfiri(»3ilki(i anil -hdinolviicy - 

mii'b dh'd dillddd^' tiddll' dIdAihki kUUjd udddmud- did fiEdilikliuL ddkdlddll tbil kddlllk-td 

Eiy*lly fnim riAim^MflpI pwli=ipiJinn cliw«*ii| ha lixilwi iirinEn ibai 

lliinf.lnFdl, bjli-Ll^l ikcL'fii'Loi lijndiaiiln.^ iHj^HilmJ idiiull^ nul umudLiiiii ■ii|ilinuii 
fry TlniinidtT-i*i)r' Ewwf on ttml-knn Hrffl> n-hik iinnloni»'yiplk n-oskdniit k«y.-t4ini 
ddlriiJI liiiliOilji iddiiliy. AfiW iiuljialid Itdikfdi E iHd dddwhy iddidij brnd- Lu h: did^idd j^tiiul 
Lhd Elilily cd' nilidul ddsdaivA t'^diknds K foiry oin mbtsitf dd. boiTk rdkunjh onJ ihd ibilily 
uf imviJc domfujiin lAilh. iLiiniil LinLraL'U. Id iioiim inlcrKlIkwjllh dunqiclili'i r. iHn 
iidbnIsiKdd iiKTOiii in wiiiiy unll dtrulo tbo ■dnsn'k icimcino nnd dnEnKvnns jorducIrTly 
■hI Lnin.>mii: ilrcn^ inil ilIM dnlikvy Ik: n-diiiwiiin^^ Erih'BphdTi: sC eiur hdiirtlinL ad 

ddcinddriBjL inviniEidns. ^'uch rdslnclicu yvMild olsd odd id Ad Adampia fcr US' citinipsiikds Id 

nmL'c upciaJiirrvy iivi:rhc:« 

^iny rMn ui iau (CiUMflnj Md in [h^ JLiWi^Mi Drvu*& ^lunis idlettfttutA 

hajv^ druidv nxadL; xnm igrakn ncikr Vlijid: \iiiilii jij fwiip-ini irErnAiJ In p-ni-idd ndJiliimil 

idcwm' clKykji ^di vKmn uho posd a icyunly luii. Ilid ppKdas. diidiNishdd in LV!Q iiid 
ipplidiMd Id! ril noiPBiniEmI 'Hid dkEdriiv k kicEdCdi '**«» ^ iliulanl ir 05«hiPjjd-''i'Hdi' 
ippllCdlU dlldlHk CO iiudl- i ClItTSCI dll did Iddhdiildgp^ ilddi lUI. 


T-ll 
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llw <iuloni«: itii!' KLamnuKlMioiH nud^ t)¥ tlw Niuonil AiTJdHiKt mi-'oticy 

Jij^^unum i^Jnl^TTUi^.unuJ Gruu^uj^ .l^HdWTyD tmeiyui/tJuLianif 'pujlii.isLaly 

Itcvwrnfnd7linn4-]. nhirh'li.ild.ltw fvIliruinE' 

ir Ihi L 'njl#t R l« rmimitin kMtir^iip in iihI wniEnlt^ |v4t^kq 

>IimAI pn'iii'kle ulMT -proctdiMS ilui -b rwi iiriri^etiirilv hirukd it»i indinu of 
Tilfcixlirinnl irp^bi-Tta itiiiflil] miH pi:>4dcN^(>f9l Niw nEiOaliiniA ^hoffld tv 

^:in:lliJI^ ■! Ilfilif dl'iiMnnil-i^unLV iwcdltf uiiifb Liid p^Mdlllld lUilncinJciJ 

iHiiinf ikirKia. 

■ Vlu Huj^Kwi' ImpkniEMlBjiiin ^rikc ^iHkiil jnd V'bikcT InFiirTn^Hi Fhtdm 

(SE^'lS K u-hiLh cwulir otificuk ^ x^ant^' sliidjn. dad [4ildKl«nt ilwji. jnd pf 

die 4 'eidiEd ^tiki Viiiliir kiU Imrn jj'ittI Hljlin Inbulirr Ti^hnilii^' [1 iR-XT^ITh 
Which viuikjni and schotirsl 3 lu 9 £ui hjiunilond iLlhf p«nl'Df<n1n 1£> Apl’irmd 
51iI£^, yAuUjiJ riimkr 1 1 |iiuibir For j^ViiduA: iJudntU' mj j^ikldi.iJI^n'iJ HliidMii" Likd^ lij 

bvmmc'onnnMmirdle'WifelhfirpK'SraiTU^ vm4i tlil^url^«f'4'^>i:n. 
tk Tiuicl fifl Si-XEtiCifiL- ^lcfliii|j|h. SUndta iiMjId h fiixuid k iAM uUn-itilkMul ^jiildc 
'hiH(ii^qnip<>«ldne|nrx|t4!M|pr'whii hie illtwHinf tvippn'nlfjri [.tS iiiJjU'li'im' In 
jneiid ^L'kiCillL' iiiCiAxI^ iJtjl iXti: udlikk th: T 'hL:d Sliln lAilJiuid Ltm^ m'lijUdh 
44aciri in rf-ml<rinf iHe L’niUd tn- ETirn^(*i ilwir iiinlk' Jini Ir'inmj. 
i;. 'I'tibikd Akre Lisi: Ltdi lisLw'hichaiiiridumiiiiefilM Viim hLiraix piu^iim, slKuld 
Ik rivKiArv^ tii' wijniiiii jnri S^krtilicilb' irwn«H [VTinirf* 'itnntd 

h- iiK\:lt m du- uciciiy'KVku piyK^xk 

jljjiludk: XMdtuis ind ppfldxidrdl idhokn. 'Jk ciu^ntj. ilwbl be excnhixed nuMd 

die 2 l-Ui-|^ie£ Elne 7-^) pruviikn ijihcrehv d^iIIcbU rmEj. iIkttt kd l^n hive m 
midEfKe in t Inmip cniatr^' ttiK di^' luvie no imfnlim nf ibwidminE In iddHin* In 
pf^idin^ m IieIIlt nuclimbH 1^ ^ciifecM. uid ecnulir efTliixt! Ui InkL xledciil jjiJ 
H.'b'liu' iiH ivpliondx. IIkx< [aNt»He9 uniOi -] iK-in^ EbrcnllKtnE v dalp 

utixiurnhfai Midiyeiilh df^xdJlId-^IIUkilC :ukl piAldiUlMltibChdlM ViU ip^UlMb 
« RncipTvifii) .'^EiwiTHnr' Xliihi[it«-<nlr}.'MidThHllirl«-sv3rxiv<knix'ijH.9lKVjld(uTxif hiEli 

(KkHln' d £eelfin:H:ii\ rE^eixnkiik. 

f -nf Killin' fYdha t ^b|ii iaxiIi In hpiip di^* hcil iluJoili -mui 1hi:i' 

fMOi-eb-n luT df LlilLIi sJli'iuU tk Cldrilliud iMd ilplhillhlrid. 


"hkluniAuknia Pxbv i^Lxxflxvi^JWirwHliina! iris^nli in^^ndii.kL'WAc^^Wriai^ 

UnkdJda^u. VX'idij^sn. DC. F^lmd iXodoiia I^CUd 
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IMhJi T-J 

I'k Jll^p^^4l3»ll««f4hl^!lllllllll'AllpJ^ i»i Nilliitun)' .kich KMtUbOtdnEdtrlnrrni » 
Ik: lmm|ri.r^iin uid XdiuTELKlh >\i:1 ^[NA*! Hk- KTkCii u ilk: yr lmi rt ludk ul'l*^ 

EijiwnB*. iiTPiisrilkiii md vi v *ini# 1 951. A p'knlirf l^rri«rto '■jih' ty finvten 

|k.iuililr kliido^ u Kedui lL4|b] uI'Uk HM.V, ■* fcJilEilii^ wilJi il^likli jji ^iIIlimI Iih 
■iiulfpi nf f >-1!^ m"* pf™'i'V ^ij^'irvine fvjrfinM ilpi h> -it pNn' to- rt>Tn 'o i|>' 

liHiie'C«iiia^'.:<i£'liidiiapiiA3<'4f< (KfmuMfflilonnjdilf inAe-hinupoiiniry. I.^iiinuif- 

^ilinili IvJ i| hvd In l5|£o.- [l|^-ii! Mi.i. irA^rdinq -In irqrTiip-kl^. p^cnljy ilTri^- 

> htiV nc-ljlivcs ii ilif L'liiicd In iddiusn. twiih nuddiw- md unniiERiHii dnk.'iil! ire Yintll 
viTuc k:J LK F ur J vmn uJbm jini^ kAsi nlrcr lu pmiiuiciA-nsiiikri iLmUii. Il it buI bh fa iiii^ 
Ihu ippIkilKin orid ^nrpp.'vnKn slLidird cin dipcwl cn pindiiiE liEBHi!* 

- ui duniiUbi: LkjidhiOdk.'^ 


''£]. CTHIHIU. K E MhIM. llldA Mwoo. 'ItM-C-MVitUiDr* W^kJed DIBVWHII md lllHTIKMId OnidM.t 
Sultfl.1. Ki US. iMOmOM' 'ni'4(k<IE IVp«l’t<{4-1S OtHd- rpT EOLWNk' /Vdl-Hii. 4r(\iVnd£4 

&xJdti. E4fiinlMr£KH. p I4 i:«J TiMe 1 
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.lCT]f>\C'-S: Ki[-niJ ’k'loAuiiJ l-'iptililL' ItnIJiriKL' Phihi 
'11k loticral ^TicrmruiC }^HikJ pniiiilc u l-sw JiAnudk ^bu crcIcntJiiii la 

iiilfluilicinil 5lu[kn» nho ociIk <gui^'jknl in »:hn[>l(%\ . 

cpk2i[K«>inE. mitmU'ilin. nlfnr rvfih^Fl C.!S irrtilii'kw ii? Tnviiin 

linlK L'liiied Sjiti ir i^ieur :Jikkiiii ir^ juth hyTK-thu^ 

n»(t [ 111 ! 1 . !d«wilv -itrwninE M!l. !linii'|j \>t prc^ iikd lulnimlic w«4t i>«iniil! 

3mJ HiTp^ililfiJ luiiiLpcE If H*luLad>. :ric uniJilc li^ iilljin irwni ■JviiElin I ^uar, lJhi,~r 

V19I& U'lHJid IDCpin'. 


rp mMi Ihii [T 104 J. iKtrKlivE i<4inE. 'liid)'. m^uvh -mJ oonmEKinKEPtiKii - ^nd t» 
bAiim:! iin=i^iirTul hHu'iIAt!, u-kii1iE1i, ■:ii^d^l':i. Hid liulliniiilKikii Ikl’i'iilEd 

SulEj ^E^num *«£b! to uJue ctopi; to irnenuiionil ciiKkra jM CEtiolm to r-eniu 

■n IIk yell'd ItopK 'M[" :Jiiiilil |i« InMn "flh^ llwif p^iifil" m4:* 

Id ilK L'imidI ikiiiEj Mid ituir liunriE niduficn . 

jy] -iIkus^ in CiUSEPUF'-s ^cmMionEd -^ikIeiiI] rtpon. a iiiHu,'lc[tfi:>drTiia Kon«n/ 

ih iiHn' pralmiiLi.' if il liu bu^eii 1u ^i: Ivil fikiii n:yinllu« ufiBiliiKil mH|[m btoimdh'Vdl 

ETjdiuto f1udi!ii9 onl ppTtoofToril tohdlirsiiyi toupnl to Uie diiility uidcIfeirTiii'ciMsscj'itM UK 

Pftd inEin4'':ripi:(KAE'>4[Tl<nTi!i. I^1^KI md whnlM^imTi 

illirild!' iVdimlEd. ^rI MIuJEiIIil' ^-ijvk UuUk] lUIIEe UCi] jii ^IEi'rLili\ t iiXMi:^ i^fliluU. 

i^iiw fijimd. Ihdif wcudd hd 4 fiirt' immEdiuM ifiTfcf in wii'-tpfic-' Endinh dEpHlmriTt^ 4nd 
UvrBjim^! jnJ ■ bin* -jiirmhlivi: Efrb:l m llirn^ in mn cnilin, iniiadri'. nsl ^.iiiicmrrKpl 
IlKto S U 'EVIdEfKE- Ebl UMdKL ^HKllEl dhlk$Efb ■ UlE ttoll IllM lltoM ^MpdlUtoJEd IP b 
[Kir^ri: poRl wfiflj h^vc n s^eiik 

I li[[li-L^ iito^ ib^Bi b i. fitojc fui Lk- bjiuru rd llir ixiiiuMI^. Tu- iiuiiibui 

E-iDEvlItTKV in n ra^Hvli. uhiLh Tu^k high-^ inrun irrion. iht Unil^ SkJkE mii^ Ihi dbk to 
nriTuil ImJulijd pcvpto. A hult^uiliM. pn^irkn iiriliiHi: bL^i^ [fci:]ilr iluktoi. |HEn4^t^Til 
SEidIm. jnJ retEdfi-kis drur-EdiK' diuu In^u uilur itouiirridi. 

Ilif BiiilH to rv'iTiti irK 4 ikIi*C' pfl^^uni rj iinii^tpqb^i niih [>i<ii<bii[vH 

I^kJh di:^!>Eddb ill bfji: ^ dii i H^ipIV df UlfcrHiliddii] jjiidiiilE ilUdEilU EAd puHdOdlton] 

sritoliirs. itoiukl bd dto HibjEii cd' 1 . mudr lUidy 

^dldLM 1 rtkm^ dll |HBtf kfu |\IKOi)ifTn inlixiuliuniJ ■iniilr'jvifVfiifTn Ui- II k 

dulpuial'uniwraii^'iiirjdruH uid posldd^ldrjj pidpiinis. 'LltoptofhHODn Erf mlEmntorul 

MSfTi.'hEto in lire? HiS^Cr f imnnd MbXk rrpnckfh itofmliiml dKYnh> 

ill IlKii ■EMLjjii'h xldir 'Hicy jiiy findijd-lK!^ unJ EkMbsJk icfcdiBL-lvT:i Ilk uiik liliiiiESi. ^]iii:li 
m bifldd nn AypEd. Kto»l. uid bEniduiinddi a ih:- indiEiny . 

|l il nEilh«rp»ul>l( nnr tbiirabb hi [iKtrivI 1 >5 SjEf luijlinfri in fl? cjliTiEtPi. ftk i.ifu|il 
todiiito mdidUiEv' Jind unU'4ikEiEE' EkEdi^ to nii>:h odfhE uehU'-i ieJeiil ruid niinon'E n ^eimiiiiiI 
fknKnl -rf diiifraf fii"ni ow "mwly 

rhir iludy uf A'lkiiii Vidl:y iTIudEMk! Ak ■i^irCuur iiP biIeviiiJuiiiiI iduC bih hikI 

EflijinEEn to eIk UK EOCHmy. ll rouip] ihic 

toi' UlE El^ AI dk l'99Di, -LlliMhk uid llkbu'l LEl.^lMEi:rV inkEc pEEE^L dPSlIkui'l 

IwImlnEy Nrrtwito!. lilj' SOW. Ihofo I'mpfniE*^ «ihctiiv (j' n;ry>irnkd Tit 
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■kjiL Uuji SISL^ hilliut ill miJ }6lbk. .^ihJ Ihf- Kjf iiiinxqfjiri 

MrrtTvpfvminhp hu dmmikiil t>' in 4fH . 

Fir t^ui'rJ Urtn' fDit in .SiiliCuli ViUi^V Ijic ^illb^;»iul Md i^iil ArriAufkr dul 
liil: iMi^' inunis^l dnlroprtfMur!' Vnrtli wh ochdi'Tl9^^ I««k slobil irMituions Ihil 
irrniinj mm lAi'bh [him'-diiiMili3]iufa id kiiiK. Thcir iirvr [THiiiuJiiirul 

^09nrnunili#i [rurvl^ (he- ihin.>d wrornulirm. irmucti^ ivid iniq #ii1 jll>:ni Incit pKidimr^ 

If pulkipjlr XI in inmixjiinfii ^WirJunnimr' 

Hiliron Vifc^''s'l'efuiiMM'tB£i[Mtn.b<]<UTTp’k:.hji''cbuill irilniil 

tridlp- fjnikiLimy 1k:m wIlli Tmuii'i Ici^Hik^j^ ■cuTmiiiillli' TTkiir IhJIhi LULH^TTpu^ 

bn-t- tK^fliie- ktY middicflidit linkup L'.ik hicdiciie> l4 lclTr-);^r»l snitvr u\; rikpr^uc' ii 

Irr^r rm-H-PiL^ifir rKl4Vifrk.x ikilMil Tnnii^irBii^ ■ hi^j fil^ nvrr maiiijKVTi 

'laiifutitiora wl» rrAn laCL itir- skilli. nininl i»QV,*afit. ud <£ 0 «u£l: Ir; tuild 

r«i Jliwhipt: in Aiin Hh kiiE-rliilHi£*n4^'>k''i[w»liin1ini.lh< 
fbtuliimiliM £il liihr iiiijlicu .mJ mhukui^ ir|)po[iuiiici fi>r tnircpftiwiuvJiip, 

Hi qirrirni, ind Irab hfitv in ^ VnHdil snl in ly inrurf^jnE ncEt™* 'n i^iil^ 

In Fi(ipr]m4 ikr Ib»i4 'fiiKliiej. 4 h ^<wnill4«. ■ ihi' iirip<.i'dd Kivrn. p ovekminE ? 
K£vrvum:irJ£ii£ii n'Liit ti>' ilk C.'miil'iI uh Cotufkiiiih tiuij in » itfuti I'MidiYUr JmvnHr' in 
^vu^nd I I -jf ££r lulnwilk vi^i ^khn^k* In bwmniHHl ]ludn» ^din rnuiYt- dhiHKn^ or Ebr 
lAfLji^ ilml ill }i£ini£i^ ciipivjmijj KjtluriLJliLi, i^bts lic^ urnmlMitJ iKnl iJ. 

qiHlil'MdU:^ imiMK4i« 44 remain indK Inmk^rri^j^'wni IflhH^shHlOTPi 

iifTm: J }-3bi hi L'^hnc J ^mpAcivcn »kI pui l hcui^v hLrecniii^ An ihfuJiJ K: pmi'oJnJ 
Mlotnilji.' permrK -ind nr^dhtd Ef Tlirilmi- m luvilAz 1o aNun 

i^^iliivntinJ I 113V. Uicir bCkB* ’A- juI J 


C'-ri: Ernmlpralhwi 

'11k r^Aml [ijK'irniniiinl >^iiiitd millluir ■ i*iVi Kkllli-t»u^, pTi^fmcrillil: Imrnlp'alliin | 

< ■ipiin. L>l 1 ^DXlJ•}e^'<l <iiK'ili'>n iind Kienrc iird ngirri^finf, skilk vhHld siJt^ldniiJlIy riis^ u 

' ifpJiLtBf 'j •I'tuiuei uiU p~ifwil^ rn uhLiiiiin^ Lilid^^BJiip !■ be Rlnir^ 11c iiaibcr rrf JI-lE^ 

I VIEU hhculj h by ]l},LtOQ’, 2lUl bit vAlJllunil Vm^ hd ifrULAt SifT LnAblPi' U 

, hirL sujcTiL'i: iniJ epph^rng. ipTiH^onM n illi cL'cbnIpt. fcnni i.^ mivfnHMi ^ 


liwi-p^iiyyl in ^ pfvvinu w^tufii imnniiinnl^ mi lie j rTuJnr 

L^Mll^Aulldfl D3 Li: triJMiiiHi. FfiMiMh. emir-dprL-:£itw%'h^ ilhj MdJfts' 'ITrerehift. t IS- iiiipociijn Vf 
pkH vsAy Mid 1? h|E .i|^ iiihirr '^iA ■^nenmint 

cibJ riiJiJ’KrriiJii:vP1il>irt^dltu iiil ■AliHtihtyniMl'Miliuir FUJ:^ 


■aiwtlSLAmiLft 2 jH3 IVw TTw 

Brootivi-KfVriv ^iXIX^lUff TTri Sr>A w Uumu 

^ CCmil nlfor^pihlA'ti^. Twrifr' AnrmT. Kl OukI *M Qvff^iAtiMclL. V3K 

^ Eiuc ^ rrpml wn-srkBcd. Lie RVUTilcr JrcuJ LJ^ iIlnElib^ Am Ad.cli20Cl5. Bind 

irie InroEi lJ»3ibcr^ 3U04, cuwflb nlphfhib LfaJ (ve rmHud ■ eibIv ‘ aoi h^tm^VkalMi ikpiE fiin i 
USuiivenry I'rm dnUiiiw li^la the billska ruidihe H-lh I'nc udiik-djEdTiniLBi Im 

.4avnHi B-aifcKL ftia BOffnirud hdievei iJbi iIu^k* ■»& a BJlluan bi repaid di u rKC<¥Mn>kiBi- ^ai 
ilVB^ A in.-crfi*Uiuul wocnrii*^ !■ ^ueiDoJIy |iir umcri nl Jijj iMTJ^ ■i.'iaTFd ATdtoH 
hrn I iniiJBiiM. Miefe ■ ■.rmvTAR 
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Fiir [h^ 1 hilini ^^iIck In ruiruiii L 1 l^lp^:llLiLl: llIiIi Firiiju, CjiinlM. uni In 

cMTiiiilliigilHM'UilHnuiOddlu^IjriLiItcij iht-l'niKd HIcihs eImhiU implttiicdi d 

pninli+wwd ™iH4rpli"fl Ai di^rviiidin iMwtH^'iTPttiniliun Fijt F>™nnk fn- 

ii[uniinn jn>l IVi-rlupnicTE iTpnd,^’nl;ill-hiifdimmi|(r'linnf->jnlE''v'iEin".'>lih""#n»l 
V, idctfBizjid. jfL bf L'ulMn. AidAdlii, Veli j^ftdijiiJ, uyiJ Uiu VEi UEd UJlA 

lyilHTid la rocrtrii ht^lf skilled v^iorkara. 'PhiCzKli FCepiibliL mup ipilal praj«l ihiLsIzl^ 
in aXH. 

Fn llic iiunjftcm E 'nifwt JiuIIli: uii J liilcnuJiiHimJ AFFura Liiuji:il uLipIcd l 

KLtxiimeiiiliiHi 10 I'luiBcak' reieAidlKf^ fnoni noiiHUli «fiu[icm». i^hieh uks ivMiiitKf fuieii» 
woivereguibxaonls'farr«id»c< penniisorlD issiKshom lulanulbcill) arUirou^-i llisl'VKk 
prn^Hira nnJ in- 1 ( 1 , [HI -qii-ii™ Cal KiHilil Ti^vl IIkIf mtinijnp^ P«dTiiiii itwi*J Fhi rcnfwplilo 
1^ luiiiily ^uliileidliU finllil^-d. I1ir l!uu|'R:nL Ci'jinn'nidikjd. Ilfc> wJu]liei£ h iLinaiSVe lul A 
Epet-iil dJilisEiolu fraeuikird l^ihtnJAiaiU iiti^jiiiibaiiiujunFi: tu ia pdid'anu bMieiuidi 

irKi^diiio Hill (w in friw in WM. 

-• lui [vr Ma pliKid » pninii-l>niiisd mmad -il MJilIm: ill pplky 

nlfsclikui Hit mi|^jliiiii, fuilviiLmrlH' nzlidiiH L? Uic LilHT^riHikd x^iA^iim 'Flk: 
uLiiiuiini iJf iLjIkiJ licfkrnh nunc UfL liubui Li^iilul }4ilbi jatJ 

dipkwus. pudeMHnd AiMl and adapubilil>) Aon on spcfiFlL' jbililiei ^ iJ jnadi. hu 
p|gv iniliiiiitpd n Iminsu^^iiiiiniB™'' wkrtioff pp-Tiirim Ir Mllr-Pd ^iiyideri. onlrvirifnari. 
uiil :ulf-UT(p4Kr^ wurk^m 

-■ I'/cTYnnipi’ fuWilod -i noo.' iHnifiilion liy oa July lOVd .-inicirE Hi pravisiims. ia 
ifte rcikfc iil'mif^liLni rar ^:nrpkn.T^^£. A ^nfiiir^>=i ^s:1llaiurTd in lii^Ji ^llkiil ihiirkm, 
uhd tr-e- unuiMdiiLaly lor pcmujietii roiideiU'£ juntu^. I'omily iumTy:r> vi lu 

i^icompony thiTin 'if ■!*b<eo.uflilt>' j'lin Iheni hive- noi^r^ 4o Iho hbfr mufcjel. ljii< 
C'wiiidbi.<UrnHnydn;niiriB^iihii inrnTiflTtwn nrMlP-cmpIniwFiipnyin-i.Hhujw o-Hiiod 
ICTilpiniiTy Ojildciie^ ^uiilin if IFuE Imii'iuiI u iiiIiiIiiii^ uf I iiiiDMt db-Lei u/id mule 01 

leiUl IQjobs. Issuiiieo li Vi^sl. petmils ul nistihinLe pemiils his beon oofuolLdElod IIk 
O ffiM hr boroiEiKipi will ii-iuf boih iKiniily eoncwrwly. md Ihe lAbor .-iiiteBaRFilkfi 

jmhupifKTdli- ujfnn.-':! iK: imifk pt-nnil. 

-• [‘A'' Ik Uk I liEhly ^Skilled (IISMPj ii- i* immierolion ^ilyB«y 

CTiln III IIk L.'K rcr ^nkJi.'BKfiil juiipic vrih nLilh. IL (k in iirnu umi'i 

-lirriiltf iiii Ota ^IIhL migfMiDri uiu |ix ^nn.' jjvd 'JTri rx hu 

idddd HI :hllJAproHi5iun 4ci thi tlifXIF. tli^ihilil^ Tor hlSkMP ■rifiiEb u- od a puum 

^v^ni m-pih mnw r«hiii- ^riwTkd in Ow iiiiw#k^ 

Piclcin^rftf ■f^ilicfl'ild uidn IK |h(:dix ill J. 


mk»<^#tarht^ iBtoL pij^iEin LbiBiur fiun m rnactJnJ iflCECD. Tmb n [rthmiionJ 

SDCH ■ijuinl h^vrii T^ie O^uMicn fir Ranmic L'Ei-q^sHjrwi nd r^taicIcfncH ^jEjCl^avrihcTi 

En^niMn^MM PnNfrf. Fw^. 

0^4. Hoiw. X-4tahl Irdiid QiJj. Jdttfi. Xor4«. Lidttnb4<J4. y^ftHbrpik him Nofwv- 

l\jbni htaM^L Lie £4n^ kipdibL ^^inkn Srinihr^ Ttilry, Lie LtHpJ >!u|ikjm mJ Llc lTnleJ 

^kiiJE 

" ESI 41.1 k litair^utm ro^Mli^ Ccr ra^nbcn io<^a§U m powts wm is 

uistanliil^' riHi'hirl liklnTArtarnfeT EOC'mb uria lie SLiltaJ ^'ulvrr £dqj;ii^ Ctintlvi 
Inni^ntui K^uti1^laUi«r A'ffa lAi HUp i''wvn‘ wwtpGmiiESB--sim^'[aTli_-^ciini' liia 
lliiW|i SOIW M(p»ii K>a|n?ini 'A'pJijiiP rtlwhMipamf*|aii«iff 
hqf.i.'www FHtqcHfini.i'iin-yieii^t ^lJlItd.iritfiiK.jMaiiiiw hn 
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o Skill«J iniEP«*i wjlh bcti jjp. iiiLiliFic*ii-^i 
eCi^-fcYri 
- ^pnimn 

■a- Eb ■ Ic4' rvr Lsc^i, I lfi\9P jHiBiK irt; LibKi Liih viL J if HKk: Iw Jii 

fc:hi<w[T»n1 inoo^ s^hown llrtt 

nun nbn ujHi: hcvuii juwli if imr ■. ■ bkilluj niiyjnrt h^Lir^ lu- lniii|j 
■ ^ fulUlf^ Uliu llltl hn k^l-k^'^l lljlli jjkI 


* liiiimha ^ntatHMrt mniigrJi&n af ThiltYtl niunni-:. who tat- aMwed ai t n^iinct 

sniliJW with miinli jw:mjL~ii thiirk r^p^rkinLr, ijiulifknjkwii, uhJ luipn^ 

p^riiTKrKV ^ .'^ppIkiaU' musn dcnuiisujie' skills in jq< 7 :il'V; jiA fiit^orKS. 


.kf'rn}> C.'-Ti HitClitiitNIiL'Yuriii'MCTjin'ni iir‘'dL'<'niLTl 

'ITht liVtltllL dl ’likui'nciJ llkTUliJ Ik: rLlumUil. Ilf ddll :^Mld 

; prdk'idi inhnvslk«t]l ^kIoiIs- md iv^»rilH[^ antSUHl ii rwubmcnlri rc-wciiv^ hi Iht L'nii.«d 

( Rl^drii ullh. u:em^ III Irifimnidkii suj 'uumrcll -^ifirfvnKna m 'nJiEdml, jL^^TTm:, jihJ 

niUanil IthirjicHiH foniMTiJilt' wnh ifc jL^ 4 tt Li US I'ni^^ss ihi J ptnmtn. 

' [Uiid^rii m I hnlir ■li^' ll pT ntTiiiniilvn mil T^ililii^ ri;mlriid>>d 

' Uiilu njliiiiimJ-nc^tJrCY rcjj,uLiliuin. !■■ ||ic cdlL^-'l i*i I'd coiled- ck| Hr l« ni^nldiinH un Ui: 

; ediKKkm Mid fundiiiNnlil Kseadi ul'irianilMnil sludcirls uvd Ktiol on shmld hi 
. limilcj hv miiiili'm^ friHn ihi: ■A:^:lll^J-JSfurt 1 k-LliiKil:^ Iii 1 dl li^lni>Jiiyli"^riH ^iiilLHnuliim 
‘ «kl dquipotoHfi itii] di kLilflC' lly piT'Clust' un [lid HHU o(Mii rviukci jfuni liNi:liUi or klS 
; riHnprnir' rr ihM hwnr mwiiiflK ihd' ift Hf-iild'la m IIh pidJ v rtmMi. in libwH?"! n'-iar ilw 
, [illuliei. or flVilll 


'Hir LiHpndk gliMmKiJ hydiL'kiip^ ikdiiiinbA A:n Aid ukl Ai 
roRitHipn ojdofkl Lo Ibj IrnnYl'erof 'li^YlTMldia''^. TiioAiHdmy ■ roruidrrod “spMIt 
iT^prainiipn fpT Ihr dij'-^akTriKni.’ 'priHivlipn.' -w 'hw' -pf ^ ppididi"i. W pT"''iHri5. 

■ [kh Lnl[Iillllb.]4l Id 1 1’ordl^ rUliOilid Wllluii [bj L'lliltd. lilltii HUy bd OMsidMed t ‘Ykhlldd 
(Tpfwl" whpw nidkir wqirirw Mt avpnii hMnit^ iitditk kIMi. 'IIm pTimiry iwppnrJInlitj' 


^■^rw ponii iiftMntr |i hrrpA'irM wntvpttnn tm'iwrAfiNiTi.rdwkirr hn 

■imroki i^dikd by Iw EijXd Adiiuflinpri iViMd In nplHHiiuit ryJiHru rtundw iht uiwkr t/f 
tKtt^hSf TtkluukKir UKltdty 'Sp«i£r idbontUMnarntti} br'Jk ddrrltffKfii.' 'prodmuri' <i uk' pli 
pbkkl'' [ u iH i-d ■kkdl FiMiAim; nbirddDn ^ nuisRl krtkiuT cukk-eb—li^ tud^k-. ^uOI pM-kn^ 
eT onufukr Imidiwr — Lu ■ Qrnui utarcj witin Lkc Unikd ^da.nB^ be "ikmoj a ml LijI bmdn 

n^KEm UJUL hEorr I In fvrmviLifuujiiblT £■ ukiinUirryji orknii in 'aninEil -charts In mill k 
IlifmEWE r/>I'rnrm^ Iin rrWi rj^mciH.hrvmkg^Kiry uAevt^ h dM| 

ijninlb. ibdiK’hUJM w iki Ekpin iUn[iiii[ino>i Fbviduoty-IHAR) irr iVw Mik 4 i n n dk 

Llhiid 5 liim[ird"U'aprMiAit'H.lrit'MUip<fi .Mm df pCkCditUlb TA.'l■*:kdl^^>l«ilUIdwrelllilb 

iLTisrki fir tnedri hj fLer'uu'edjijndi nc ibndinkux (k-E , ImrIbnA upU n^Eiditao' u^vr 

uh^El Lf .EVE ir EiEn Errinl i^nEr x^rLyitmd.lil«Knky. ^'itIem' lYndDibin kkau [rdn^r^. -s’ 
I'hiDuJ ird llErio^nJ U'mtoic ~ "lllaBrd lufin~ LjiiKiuu.md AmK^I lumuej' inlKTy ud 
riqvirna* rf rmnim 

Th liRbfTUJiHiaiTFffl'io n AmyKieiiloiiMa nThlTi. bkidifKftd by tk [VpiiuHni cT afk. wouibl tk brpm 
eii.-liMkrv lEE.4iiKd Eirikriebn. reklEd U' bdi Ed dir US-MirmlMa Lnk LkiUrdlc EAR 

buvcver, "pubUT nvirkdik'xiETtbliE nd kelnxEl ciibmrijn udK.nicnL'OEdwkim vd Lnyimibim 
|iLmiriSid.xETijrh: riEdirp he nul keded n EUTtridlEd lEckunJ ikdi * 
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iiillililiilnlii|i; iKk i^ilh Ult -orCmiiiiitl-Jt liUI -Mhcr 

miOL' Kiyc- rdeulilims la iddii:^ [ha kw. I^Hmcd aiqyyli uy fwrwh' lha hjHJkI tf 

■ j^flil^inl LunlnTLv^y 

Fn 31100. Llimpoix iiiwiJ^il Ainnul n-^urti iiP y.nib:«l (101) 

an Uk uonsFcr &( niilEonh' icHVEika itiltnalag^' [» counirks uid onliiMd d ‘;pjrK«n; iIk mCM 
nip[Flt. (Iwwad « [koTTNd axTKTii. Ihf mdividiul lO npoii.^ ^ Hin«l mloi^EWK'y 
ri;p4wi i^kVikJ ih^ -Tir'inc»'T>«n[, itf mird-^>i[k.f1 ruE^linn' ImH h^n irKlT^vliwai mu'l 
Uit- u.$c[uy tcjkini ic^iidiftdicikkd |:tdix:ulir le^fciiry iciacdici.^ 

II>dC saufhL ^lO(nl 1 iaII(¥ fram Ihe- publiL ibiul 11 k raLdnirrKndalHn: I'rcm iis 10 boFarc 
prora'inc 3[i>' cfnitcf Tht dopHlmcn! o-imoit pniin: ta Ihii cfT-xl to nnch od tx» pntmlinlly 

dff^Liiid xml li LijjTmL^ nylcyvlii^ Ijic .ICO phr^ -d liiL4iiliii^llm:u: 

Itdm tiM Itodir;' d'fc Mtuoul lyajdtfnit^’' 

On July IX IJHJ. IIh UapuinKfrl of Dulartvc |i1ol>J kusd j iBlKt- m Iht f-'^deml 

^kinE Lin p pmpungl In- xTiMnd itw Ilyftn’i Foinl .-(vqnrkkn PaxjJdinn 

Su^ipIbilWrii (OyARS) Id .kiUOvk fy:L|iijruiVk:[V1k fuF pP^VOlilIrl^ -i^xAuf diki-IObUFa .dl'O-AfKIil- 
c^iULOkiJ inJuFfluiiun >UHl Kohnolo^i uriti:rl>:i|>ci3mKh:U'LJit[E‘dll[]n>' Uic- raiyHiiniedltcr^i^ iii 

il» K NpoTl. IIh [mpotod ncsiililim inffcidn. a mqyiiramLnl (brtooovaprrtial pluii (vyvfrinE 

uiiii|H: pnnHhiiC^ Tfir ^'vTLrrvi ;diiJ hi:pTV,ib:iJ Hiirk kbu Hk c3.jufV 

l^NiIi iJlnJ iiiluTiYuliirh jiHj EL-iHirHliU^'t , hiJ h ditA Al'C iiIMChcL (i\'\Hi: fuiilu]rhnilAJ-i»«*a4l 
fkmfoon.’' L'ornirKiTis ^enc-duaby litfilHitKr l3.3miii. 

Mmny ofthr: iiimmonii in upTjHn'f in-DbC ¥'pry"(d.i.v;ncaiii ihii ibapi^iiodiyMiftK 
ULii: Tt^ hocuti iv.gicmHtj iJmjH ur.ijujTiii Hd cihjIiI lu^'« m u^iiiliiiknL kTck:l m [im^ 

L-ondiL'i urrojunSi le hiiJi wtid'CniLii^ djid [k jpriviJt' udoidr. iiE[^i:pillyi m lyahi a 

iuh 4 inli ;4 rwmbFr oJamplaycd. jrc nih ('!? cili^vni 


r nst l.l■br^^^ 

ilb: feii4yy1«d£(-<hivvn global aconaniy ocopa h .OiMrica bo dt-^akf) md rcmih tiN Iw4 
a.UKrl? Nfmkblg. (hr ' 1 iitJ«it' ind <>«■ wwiilv pro'pawd wiJar a aydcin nrhii:hicr pdii^idion pmd 
mirxdh Ihki du: I:iiJct in 111%: Ki-uiid lull'[k'’t}h: lOh L-i:inixy. Fip u bidlkmliiry p1 

ImiL, Iha L iBad {JlHos bu illjgi.«;d iduio: Awhab aid uHului bivim iroujid Itw uwld. Ilu 
ly sibtn v.'orkad 1o our borKfiL aid it oinnM aow bo liktii lor swilorl 


^ Rtfong PW ffIMlIK'td by Su DtC. DbO. IlK D^vnOfloTEiHlEY dkfy. tnd Ik Ck.puirMfCorSlMi'. 
l>|uUind uFEiaiEkkl ^ogpiy. nl Ik Crnhd. IcIcBuikc ^ncn C]dy he akrpiakrv rrrulv^dr 
nfWYii I'rwi lla[~ I I kli xg iriiUti 

"ITh Iflorr Erm 4)r Frwdnvi od'Ch bini«idAi(iAnKi.rftyk lOmdoi 
lilF-.''VnyaT.pilpnd»klinHK''i3MnrAApdEgir n-'Bticvb Omrrta Ki DOC.PCF. 

" hVI nuidy XlCdy irxlitk il 

l**r»HP(ti r)po-3)^34;jai| jutJtUIBn'MtvIw »(M^Bi!i-flo»-TcrtSTM jjn^ Mn 
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H 

WlLVf IM« T3M3S1H ' A''il> I‘I!CJI>*.I!1.(H;V 

HM.IC’^ TOltHAWI^ PI«lPvPl-:Hftl H [\ TECH. J 1^ [ ^LVn il^ I 

ISCH.VnVKri IKBtlVStiV.^TIOV 


Pi I iwiiMi iiiliilliii If: ^lDiJirpiJ[idrjAi!' ■* '—■■—[ jr fk* ^jpvjvwt |*^ lv m tkr iiuv^Ju 

Li'^-jrar^n^^i^ AtiimI nn innm’aiiuB jmcA ludiiBui ^ jjj^il 

riul)ij^uijCi><rv3><^jif<ni.^ikY>tir«ur^uwprAHW. niiiC^n'unHt; ftriwiHiaiiJ ncciitt. 

.-y HVilliut .-t 'Wuir. n^sichm ctfilK MbcmiiiI .-Vjuhniy >31' k:aRB£<»irLe. pdirvu utJL, 'Lltn' 
H ■!■ Hin^r fcrmuEri Fur iiTrK*K^h.'Ti. Tlicrc ii, wdciil u mulli-ocBftirn^ 'i:ii^~WirrHn]].' FFul 

011.113 t!i' c<Kour 4 £r^ or diuour^t*. innoni'ilion.'' 'Ihil <n^imniotiJ efKonii*]^^^ Fodor: 

jj nKoiruli killing wi nlujiib^ Ws'^frm'b:, h ikal EnLiHJfv^^. itA :i flnuin J 

si.Wat Lhii Finj’iUk.^ p«Km hiipilii Itc cmrepr^riijuiib] Jdmly. iincT irrullf'.'iudl 
priCcLluii ^ Fir iiKTT lliui ■ IIk L'liilnJ Lci beta ■ ^orkJ LhJct id llir ikY^liipiBinl 

utd Lti£- fTMlktt ill prodixTls. hi liYKniACMui L^:4np<liiivd- ipJvijni#!d- r«u 
■ 1:*!^ furt iin j LnvinnnimI Tik dJiL'uvcry mJ ifipILilum ^lniru|iaifj.r rti 

wlleirtud pofMfiy. 

I. Crmcn ittIc ll^ql mpporlq jrpriv^jnn ■;: irrj|ii::i| fnr ^ lull tk*» r^Arao. 

HIFH. il HlblTi^IK LiM i:afi:^lllSWiC»0flJH4ifr<^UldUM!dH'illd-Wippi.'fUda4m5Ui7 40l^^ 
jpmlh &uiin4 ibe niliim hl:uiLi in bcncHl TmTi v^iill^iniii tpJ>. ir rii^in^HvJ ^irpvTMjliirrf 
Mi- lJu F'liiied HioDL'i di Ok: <>tit plfcv! 10 peflim r<H«rili ind ik^objfifVMrn {E!AEii'l dikl oihur 

krlMiiliiK rkl^d Oj- irriKiviJiiin jnd ulliniBj^ly In liiiliJ r&:liiru» maJ, rtfTh: ji luru ^ 

i,^r oun hkior}' jrxl rorrumporiri.' inlmuiioHil oSi^iriplK ihon ifu1 ItwbnhF m n»ouv:h 
Fi|i.ilJ iiiiricirnl :iinil»>n rnrilHniinElholptn‘|.iFt»rof<'|iw[ili fniii inniii^icjn 
de^okoiiKfiU in JofHM illiuir» uIim ojji bupfKn *o t iciarit- 4i>d c^oAomv ift«c 

Am. rH^ 3idi[k. dji. BiiKvi dfm cnvnm^Bi. In ninAlkvu Jbpm'i ^nklh bv^^lnrp in 

Old In lb kkJ iin^UEnil^ iCflUll jikJ iniVUIS iXAU dKdillVkira. ikiidi'kO lAd 

TCirrFiTnfvCi piknk^ lirNO iho IMI'N Hk Fw^ ■imilu' vdlid il WJI heilifu 4nl ijnv-'*' Vid 

-jbilhyioprolliInNn iniiuvoli(BiBilii: I'liraoor hiiilKrpiiadiii.inin'iiid incomo hai n;i:ait>. rjlkii. 
F'lltnfthoovpI^iKini fnf Jiut naliirooflhll^inouoonimdn.- W™)rl-ol*” 

dfeuiul jdurdlll Ihn Md-Ck. d ^lubJl dklrtttl OJUiU illk.bV-iLde- viib IIMtIU'kjni UdUMlUai. ElKlI u 
cnuJrailim pmHimA: mii^llfll^£ml^ 1 l ml 3 luJ^ nF in lahoF and lUpilaJ rnaAi±4 nbkn 

.1X1: 13 hi lino. 


i W A Viljd ZivsK- nd rxmd dl Itid fMinmaai iW VD^riain Uspiiliihidp^icr, 1001 
^ ^ LhdTWIvd [nri oEr|M ii ppuxnid ifi Pu 1-1 

■' tilN|,-w«| P.Hyu;ti roTOl .d f-e*tfu ^ wk/vifti jr^CknoifT Vk-HtilViih. DT hkpiml Pr^t^ 5!»M. 

J 11 

■' PefFi sijif. Dv.i;;. VKiairood Riolwi'F. I&knn T«*i«k¥i>dl ilnmaiH .Hdfdo<uM.-3Vi;^aiwHL-ix.7¥l3 
FnnHiiii. r*nf r«wi PmodouVnikiinlv 

' D 1\' F«ltHO(H Md M. Ruodi. T4llll»l0|V. pA3li<ia| V. mJ ihi (.(niMUliiiHfk orV.i. Hd Flfttahnl uAdOMO 
hJ\onn1'X Unnnlx Ar LI.SL fCiHVinti'. OA T AnEkDn. C F. B(i|^Kil E 

F4Qadw._]UC }ln:ii.rr ^3 Wkiki«lvi. DC yil»id Aiar^y Praia. I»2. 
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I'ftli-PUW.IC.dTtuN VfftstON 


Wanjiio' ilK* bydilion 
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]hii ^ II Aih^Iilt Pi^ uF VLh : I IiilvjiIIici 

EMI^ Lxlliiv ■i.Jf th: ui^uUMJ LTuI the I'E ‘b L^iTi^ ul bUu^hM Lujri^CrinJ 

cihq* CT Li.u L'iHnfCflvd umilh iLi hnfcrrkiit pfrfnnnuKC, ii au4 hylki 

c'lidwN Jnd^Md. fomF^riE \hi currcfTi 5PPUiiofi u-jLh Uul of ISd^ ia irraiKliL'^ -ind slritmE vi 

In Ihi! LS& d<3onw> hri [>£Cfi iirfTmnf fwmri 4hj/<rTHly pTod»ciTi-il> 

j^ov^th fM dn>M: iw4 liy !dU3L ilk i.'iiiieij luJ esverkfktd diik^^ b of 

•f™lfn1«l li'-ily priv-th. Ini Tit' inKr^T^^ hy ihf 

In i [lATkl «r-dKp£fi£ d^ii.'UJiMnrkiJ d kMi|i;>uffm •lei’litU' h LT ui A t^uiiJ F^rK:rTiu*M ia 

KvmJ lailiizjl }«Ar1in.^ A licLxiJi: IhJiT ■ liiiiilir :cc4»mciil E.'S vi JcesIth bj- Iil mLn]i.cnl 

icfcu L v-ifi^y 4l MvTOff. mdudwE ■KS'Cfil Jhm. hid [r-Mhkd m 1^7 Ui ZDU^. t’S'PiMU 
■jiB^iiJiin ->Ckftj|^lc, Cj:rBKb4:li i nmii ri. Uir fmlEivL in 

ervnrTifrcii^Tlrfniu HiftirKd^y mrl cfiUlinE pew rah innc^flatfl 

III Ik' vJ^I^vit'ikh ufAihl -iAhtf Ju]Md AtfaOiih kVC kUJC'^1'ud tiiiitfi bluUH 

p'flwih m Cinp. pnnJuJii.'rii', and mnirTW aid frofri hi^hiT ^ mil mllaliim 

■K£>7inii for diii "’.‘tnierkm dcoiK^nif niirjclb". Htd 'p'ill H cowiubV V-si>kh- Blidj« 

luLi: uloililWd kr> r:h:kn, Ih^ru k u^b: diiafijuim^inl lkitt huaLiiiithilily b IIk uui nf 

mficiL'-tikd. ^rtklirrhl -HtiTnl^d^ IfkIik^ aur ^nvnvN uni'-'enilio*- ■aiA bnh 
^'■srHlifem bAl pnv ii± fuulb^ Ihb •d.vefiu bTiMUill-jtUded n^^iTdl iVi jTded 

iN'iwfih \Km- pdr?nE ^T*fll|k^lv^* pmr^P> !^n<d i^virilii* rwilriifin. jpd 4hf lin-twirif nf 
ufioi.'unHu ' 1 ^ by b unmu^ dtnijnii: v^enuK ^ipiiil ind^in,'" ^ 

ll ii ^cmaiK LifR^crrd in^alml Hjt [hr F.xdlcJ: b> Ltsbiur In rcB^Ai IIk 

^m-irnnmisnl fnrinr»?^'ilibn:f*d1oiiidiwi[K)rUnrTwiE.'w[wr<nr<ri^aibb:"™i halicv« ciimirTl 
E^^riiihi^ fur -jw^puiira 1u iuK^i liju jjd L'uiimuxxJi^r in raid mil b iinaJ vt m lii^iliumjil 

■cvhxrttTpJ 


In uinriraal, m llir irriillrl Hiti Bk: I ACukii wiu Ljurr^ in prudiulivilv y^imlh Irt'aii 

IM wh^h hM F^'i'Bilfd Ifw fiK oil rd* llw Mriy h hddili<M lb 


* [' v! fcbci' Arr n i Ihebmih* bnn'' bntaf Tm MuL£^i i^D^bnir Ltaeivlk. heiknJ B ubj i- l 

Hv^ <!]rl IJi L'^y* ■X'raikddE hi m nm Ek^Elnikd<i^'E«Bdvl%«fWlUli pd^ IkUc I 

D lA' JsfTcum Kl ii Ha nJ k J. iajnh l^npctf^ l^nbdjvlyGmvdi i tnwi [^ U.ii CJmnh 
Hoo||Biac‘ LtnoEBRi 1^^ tC-C ^'Bkr^an Dt" Ucaorca rDrdiE'>iiBB U StUZ A'nldic d 
■Mn rCrEvi|;-1^incu-|>3'l’'-i:4'-IC-C priT-’iran'B^II ^ *OJp}^UPE||ik2^^mrih', ard Ihmj sJ 2.atcr 
I’l^iEliYlmJ L~Bfla, U ■Julej HU9 Kerned hvwi Klair iiql T, SIC- AraUMcB 
vn hkfn^.iwwa rakHC prscLnpI’tDi 

* M l^snom^ K Ijcoa-. nJ K ikikw AbJfi La A ■uroiL- rtu iv A'^r. ■.'uibnd^ .VUt MU 

Pm L'SK 

'' hlfliouJ kAanh^'oBvil LI.X. i^miirar ui .UU' ilMfmLafvJ^vhab Wj^v^uvi. ItT- I^huJ 

MxMinyTTMMt !■»« 

^ H J Ciivdnn Ittijf NH Pdiofu l^fiBE tu Kuim LAfwi Arabia's nviAiari'a^ IjvroHiiw- l>^«hJ' Wiviiq^ 

pi|w Havij — -rr — "•'•■ '••q 

frmp r'vinr LNr^lapijf-irllUl 

" k J CImlm Thi lluioJ SAma &i tii k^iaa la' fwi ni im ih fiTii hi wi ra'fiaw iw a. aib ii lU. 13 Cl 
VHfT, ard K K Sidm,[^4^33 l^mm, NF* Awum ClinwiA' F ^ib 30CC 

“ SM TYs Konu tt tu I'n^^rftk anJ^ Mnijuifipi KnfJjrvun. l-^^ii. 1^'*' 

I L39-I- r*M i ak^ Mit. SiBBMl ILmu ci l^mnu H^ndi 3WI 

14-2 


I'RH-FL'ULJC'.^rKIft' VliKHHJN 


h'dkiun Z0 IJ«>:Ji>:4I 
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Eiim m FTC>duilivit}' Hid p(ikIikvlii> p-^h h>' iht ii^ aTinromiiyiijn 

itcftnohiiV. L>u tinbakti ci tujtucjU' [v><ilMdi ditt ladi iijiuiw bI infMmdiliM ifi;tuMh|iSi 
^nr Ml JcifvnJ lux'. 

Mid 4[)f IIm HH^Tintfi m i»l :4n>-wn ebk in dif 

l[VMniUlu[UU« 1 lBK 1 .'’ 'l'lMl^tCe(ISU£i:hhlL |Xiyi.ed Idilix lll 11 K ptsi UIlkUmiUl^'aBUUtt'iir 

IrmiLlJitiii^u uhJ mi niliuu Tivtii iIeluJ ^ Oil ma ilQci rmAiaLi llicii Ijijkm iliirt 

IIm 1.'nM mipj » i> rnrn wvirviiHitnl f-ir iniKn-fliiM Hid mikd 

idjiraiunLC » munuin l^l]dlXIM^ ind ii4 lUHiiniie' ilu htttltu; if UKii'yj -ind fra Ibr die- 

jiiiiliL' iC lir^ (kt BdA R-) Jailiiid. uiJ T^K 3-4^ BiaiIJi 

Ilif inwi^km ipni.T«iminl fl«<nnij™M». i 1 «ijhI rmiiii of podM' mm*. IIh -m 

PTi«[MnriE m tbo (jlcbil bicon^ner iM'it Lmuo- lociuod ob iiTt<lli\xiiil piorvn) froAnliMi, 
iIk Uii Cf-^C. liths ImX xj£xdrt-n lia uiMiViliM, urJ iIk lAi'jiLiililim' uriii^-a|i<BiJ liOnricl 
K^v .-V^iMxh wnw iJltiir mp^rt’rF ^'ni[«niiiit" of iHj ^niir«i™rt v»nt rwi 

toomiBod m doulL Hi£h s- dio lofiiorile' lat laN ond li:«'f!Hvo'cn«7 polkin in 'iinotj! DBHOftk. 
die vllUfeilhltt' belies ei Ih: ^|Mtid!i:- lilunftv HeeuinrkrKbd. I'lelt' liitin; M^nincAdJ OdpOdUibh. Ii 
ifviild iw IK^od- IM Koixril foiiw EIXII^ rTKmh^ mid roiwiii^ri nkoJ pm^d jjidHlily ond jrwl 

roform a; aitr- Kir prdiifflHJ mpiyniiniaiL Llouco-cr . iht fomaiiNtc dd.cnTiiij«l llui rdio L'lou- 
.Aj^bmii KiJnwia .'bci oT IiOC^ Mhkh i nupir fblkiy Lfei^. o lup liinbunl taitM 

ruiirmJ ^frniijdl |fi iuuK nf pfmblEl 


^ A. Wiir iIPmiTvHFniijTi ■L'KnLX nHltidwijhjici' bmd] TVm pLUerlEj inp«Ll un nj liAn Li 

F^aiiOfr(*tfi?fl**f*'prf0.fVi*oi'<MiPi;iii»)/TVr.«l A -O- K M«»n.pf liW w^hrifliiii. [*7 CTwMrftr 
Md Ihwiw-Atf SlIkHA S'?! 

"■'iBirw^l ArttdHip orSftwKiT MiQowl AudPXJ of ^dtinrtE. tmnHorMOikn*. -J" 

rn-nwoa u -VlAira ii kT W mIiieiivi. IKT' NuitiH Aa^pf Rvai. tdSB 
" l^ko-jii HI K l.^lkCkn-Afim rirTiiH.^af3rrd- Wlvu. IlHM ^KUiBrju Fib- ll.dGOT 


PKti-fl'lHJKi'VTJUN ■\'IKEHJ^■ 


IVtdUU) SHVSEjllllO* 
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IlIIihi D-9: 

KnlitnLt 4hL- S>HCfn 

>:[ttunce' irilribiMiid'piia[um' pfucciLibHi I'iir dnii 3 I'd global »£4iid«n'' ui -miu'e' dioi 

n^p-nKii^fuioiit.^i.l njlur filin' ^ iT^II>4r1iu| piip^rK-uDdirlu i|v -mdEHi 

kiiiiii i^mHny bli n^iiruh h? nliuiL'L rTvu^iJiuii. 'Hic piling ilcm n:i|iiB£> 

nticnn iS fdur iphilic kuids: 

■ PTm-id^ ihii (.'S JiiJ Trvknruik w#h(ii(IiL-kid>diiHii¥Ji't<iird:M 

iiiielkcuud-pikiptnvpiv[«^iianaur< iinu^, [Htilu.-uhlt-. iiid<l1tdih'^. 

■- Etunf IfMT llir T.^ ^Inil iV^iii 1% lu L ''tf1niriiilii:iPcs-b>liL~ 1^:4:111 

Mpd tn,' iiulilullnE 'ai^ik4iiaii^ nciw -Vmti pil w it gjjnKd 'IHok k^dttti] 
w™|H MpE 'Pv 1 1? ir#fl ^lipwrn”' '*Tlh e^hI iik ^tiid 

JtfMtL 

¥ ?thjiJd rcbnn'b. lun uT piJoii^ rt^cnliuiH rn¥ii iiilriii^itisiid lidiiliLii . £)4ir 

L^xjib dicMilion ^lould jnpirdti^ Ihe- lanE'naunKd obilil^ cd in.'-Hkmif reuMdicn 

III lEk: pilmlikl iiiir-^iilliink fiv ^»^:a'L'll. 

■ (.'hmiii' inl(1V^i‘»l-F"|vity !»"■' Itwi -M (a inn^n.'^k** in 

iiidiumei.. biKli li iIuh: ne-ljied ici tliu. t'juluL'biiv id* pkiJiii^euiu-iJO didHc 
whch■ 1 ^'n^u^ ihf vcdumt^iiKl uri)rtdic1:niilit}'cf IhigiJion^npfciilP] in 
iiil%:rmiliiin-lik:lv^imi’ mdudni^k 


Tilt- r.^ -pjieiu b^^Hdlii i* Lbd UhM'l i:4bbJ lUclltiliijI-prOiMil^ ■folicy.^ binld lyiikiild 
fer pilHils (iihuidt:4 Mttdl ^dl^^«' by eiyjdin^n^ iwpiLlbHi UHl dip diiSPOimiLion tf UHtbl 

IuiItt&iaI rnfb'muliim h kliii jvhji.'hI^ H^rdi^'id llir m'l LklmL'nl in LurmnLiiiiiluiiliiHi llnl 

|i[uniiyu9 tiknumk iif'MK! jcAek. uid uiydrk<9' pitwr mi'uI gioaJk.'' 

IdilMiPV ir9<ri1ical«lpnipntnf9'i:«und[>sunl!n'il(^ U'lthniljdiJMiul^'inlpIk'ctual' 

pnj]mih' pnikLikML. EU-cniiV In -.'PJiit: jn: !jiBBf3mmun£ Uir iillKr LhL 1iki inuLfi iBuln.'liLB 

ilciLyi'lhiP^nHi'rdlinnot'i'Tiliubk idzid. 11ii]. il is iniK[3tii,ic1tul1hy L^kilcnl Htd lViidt Mul 
fl.lS'FP'Jj *nd (5is »(;nq"iln^% ppii<v1 •pnKnl rifhlk ■(hI kipirniwly ndTnm P-iiml 

Imi-.® 

Oyw*mi ijiVT ijwilinm (iT F*Jn1 jvJifi' hwiifl pnum*!.' Iri. iht N'-iliitful .'h«d(mi<« In 
LsnnJik:! ui CTlniiiw iludv ibTlJit: TcU, nn|ikjjiii‘iii|j ^iSsLkni rcliJiial lih inriM riiufi biJ 


rtafl U ul Tr&knirt ILlVrC^ niEBkud hv#w L' K ravioikBi nyinka ta Tirm s3i Jil 

> 1. 1 TWw Hrffiff lof put m "rMong h ■VP'if*™ ^Tr«« " 

iViJik-I mifW !^1rt-?crrniiif« AiRhfl''^ ird 

loduJ Bik b;^ inuBj Fn hnUdlnfi Nj iiiliin mJ ispnJjii'bc c^ckbirc i*^lu llsr iC^mliVr vrtiiia nJ 
linwTiB ’’ Aridi^ ■! ''q*div topic* BsTT ’^ cbigfTun'rKikc'ywKTdi hT^ 

Hu LlU'K^allin'Jmi infiirud ikllEcai “A rwEri a ixsoockoive r^Lj pBriJij jerai maun ivticL ■ a. 

fwn±iB-rdrB (VTiUmUBi f^iwidu.. ri pi|>oil. ■ fHV vj]f nCdriri|. rf Tijri'aiJ ndv udfiioi ir-B 

rro>?kfi r In ■Miii'TL* F«KfT. P<n miin ti<^-KfriCKfrtL‘>JTfTn'^ \rc!(f '*Ni hu >M4nWi<dc* •IfM'M h<rcf< rlw 
il (itj bf- mivi v^vii CfiilWlkiJI La*^ B44f rdhU^W Ata 

Fcri ^U^iDHJiTiof ijm Oder Rm IhiIh-. Mi w p4UHJiltik-. Anikdi il 

iiif4t:-krir^cburrK»tKikviiaiCTd.‘iptx 

M ifiliJ n ^icinJnJ la [nfivrc iJ^iaMfoci-i^irj- l^cJ ^rirwi h^miJ kocudh L'^BiciJam 

kLbbc LVhIif^.^. IK: !4»fiil .^dcnH. A[b 

3 ^ 


PRK-?UK.ICA'nW VE.PSIOT 


y^bniin,' JJX^^'T4^^1il« 
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IwtiwInEv-."' nnl *ly in Ihii ’jffitmi irrf nimrilifi! to pmmw 

vluln'biMl IrniV'p'^i^k iurk.ni£iH^ol itu pjiMi lytiwm. 'l'hli^:lMUllIL(^^^t:lL£TlUlluIie^c^L]Ilt' 
lhi.ra(i r<=ij»im imp^Tlwil. JrH ts rvlV^rf in 1lw (ip^ poi-ml 

■ ^ jlciii jilun ilcTiii 'LiiiAiiiKj K:n:m 

TIm (ini pvionry wio^ keu^ to piltnl Krona >» for nnJ IIn itJminr^itBn to 

iiii^Tcnt [k rciiiiMtT> liRi'jlldilr Ui 1lic I '^i-FI^^ PiilciiU jit: OvifUEnJ iihm' riCifunill^ ukl 

AH-fdlri aid ^nl'orMU ■»» viftarously thu n in^' to>u a iJu pui. (lieiiui^niLlivrTyki 
itiilkztfTLL diA (Hiiirv^^i ■liv^rxMci, jnJ piihlL: ^nliliiK :Ail4i rTT^irCan^c In pmlfnli uhJ 

wKlimt Id iiKiuT comidijrJlto [o Mqvirf , aid -(kl'cHl Uwfn llitK u ovidciK^ iliii 

lh< inmmwl wT+.k^ii tK tfu USHO, nith dp ^ienilwfirl im; nort-in; m *i«miTWT 

ilAlidfl.^r-Ok.-f likk IbJlhnd id * ikt-liKk: in dl^ qiulli;, pultill t-jiadllillluMU .did 

inmM^ libifjtWi pfWr pofor* in? erdirhiJ >jf liiir mtptipK hy mH 

llir CiiiH.nl ^1 CirTT^ictklhcihm iduATy inrrculn^ I ^PTO hihng. |Tiiirtf v.~^ 

(Ih hi^li(4ul.''^Ll)#^I^Kyr^poIt■>lIlli[M; (twadMiinil Kioirco^ ihovfl h irad llih 
iiib'bjilei KiVe^ IIk i 'SPTC) lirr biU 1i'.mi imliJiliwiHl rjcnJiKih jBiI iiii|i(ciiiniliiii^ Hilt: uip^r 
tlsiiKOii: pnuissilig b olso ad4K dm die- LliirLXJ ikuM cutdit- * siiu<i$ moliKtat'ipkiMy 

■i^ylul LtqtdriKly tu- iiiiiu|^Vtti^I pitkiliLiii dpj pniftrtMid prm iik h eb(y 

wnmiiiE oirkot idutolii^diu ppopowd (ar ptEoriBi:: aidijandiirl Kliibto. i^MisiElaii icvim's a( 
npi^^tp iJm oddni-' IKrtonMim Hid thu iwftrnunEO of vidii'klonl 

E-juitUilErl.'^ 

IIm ■Hp.irtini -iriion (j to hivmifiiro dbf US piloil jj^wm niih TjTjoint in tdiwr 

iiiBpjr i^JiHKAiin. hv mldiiliii^ rc~i-i«b' Jimll lllll■l'■ 1 [^ Trm ■ flnd-kvinh'ci'ri ^ 

iniicntorito-nie In ad Jilion » hniginj; lJu' L'nud iilales. mto't' m line lh< piim 

piilhzicic uPdir i^il iiT UiE lAurld. dmc i^ti^jpi lActJd iii-miur llir cdIkiiniL'y uhJ pnidiLii^dft iiP 

die- Lib ii'sitat. Incftutod knncHuuiiiXi wpdd. ad L'S aiKiiiars who -Kdi. fitobaJ prute^dan lar 

iHeit Trp.^AbfTt 

'llu- bmly wjy » cbdkpje t poiaii undef niK Lunvm xy^anma lo. hy lni.gjiiarL Ttdn lue id 
■(hu-Mi. tHyhrrli^'iv.hptfdcliiiB& -Kini^iRH^Yiilhrvi Kwonormnil- topwin' inhiiryiEif 

d. li^ibdlOUi bl^:llLcriaaC fUflii i L^n^hln' lAhi lElJi^ lu lunj^ uid 

liiV^km. <iflcn. erfihw inkrvTkd partw' ito Etw liW df-iil^hk witw ^ mfiFmFJh'Tn 

^iid ^v: xLiJr iiflhr k 1. Iiivilin^ Lhcw iifuJ in j pik'd* iif jidiiiiiitirjivic nihiinb — >^e Mxiildd 
dF^iilidii »>¥ltfii! lEotfcl ilitwY (or'^ojrreirkw' cd rocEnlly jFin1t4 pjltnli Id -sen't- sa-w^ond 
L'ticuk uf 4 ^Ud A BjhUidnic iiT IIk iiiili^ uuithbJhii hy Ihr pckiC udTu^:. 2biK:li -^iHBdlFjii ii umaii 
Icmt C'jyp«iiElv< ihui Inl^iiKL ofMii to ofli'and. Jiid iiiu;li Ibiur Afiuunu dui uxiieuatodi (m male' 
in J din-. Thd ^(lIU. Si^liintil '^tniiarTn'En ityiill dvplilil^ in cmtciii^'ihlir ilElnil. tonv nic(i l ib-Atf|r. 
ybluidi u. I'llls 'tJftiD Ke-iiiini'' ultold itav.^ 

Che LhilodStntci ilill iiiKE ■ Iryl-to-ip'oal Mlherdimarinl-ln-rllc pileni lyitom. Ihit 

icifun ■ u'Oiiipk'X. ibJ liii»i-.:i:iiblJiiiiii J (S- 10 ) Eujk*! fMtJucu Tu uril liUI Uliu hb Lhc 

n^JoTl ri^9- ll* Ihhf 1imi: nf wn» ^ Ihi rfK4J ^•^ptmnuyi ^ 


~ hWml MwiJih AS'ojnrJi'rjvnfBribiJfiff'iTwirT. Wslnjlai IK! HkiuiMd A^Mteui 

^JL. Ki£ f^kriC cjtliiuaLiIn piui.'cdkif? Li ^WDilrJii iJW A'nc^in^faanrBr^vM^. cdi ’4' 

M 'C^^ln.inJ 3 A Mnd. n? ^?il DC. Ain^n 

£kE ^iMjDffBJ ksMi.C-s«jl A hokn'Ji^-J M w/ ij i lVj ^i^ji L'raVTT. iDQ Mmiy .^akiim f'nm, 

Pft IQ3>HfiL C4 uci!i<b Cotpdibvcnn fwn^ Awvfva. ^\Uivi^n.£C, CooKilot 
I'mprtnPEicia ^Di4^ c^touJyp 

^ MajmJ Kiunct ^^swcil A J'eUnr.Wjvn ftordbu Jfirr^twirr. 1^ ?4c.inil •'i&^iir l-^m 

KTH-Pf- inyiiH 
»ri . rf' fl*iro 


m-Pl.'BLJCATlW VIRSPON 


F^hniin-' 21C'#- Mhii^ 
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L'kliU£ch.’. iIk iTiuuAC ol rcrkHirL-^ u:! fHiiiK'dg b [Hl^ni:^ ii KviiKyJ m 

Cihxa* uTUir libd filer lvi“i ifiirh Ljaiir'l'^ ih^hcIU^ LJk: imiJ Ac liiiK hiJ 

ptfT»M13k4 rui|iirud ucHiIri he [uJ In fcdbn' itu VTipniLing the i|tiilTK' nf ha^k: 

nii|^. Mtf}& Uui ibc Mi>hjU pie srriillef MW<iTi¥x± m d 

JiiiJiBii^i^. I luii-cScr. revil'i cqi. dbf lAsi Ai<nJj|^ m ■^i^JMlliiM piMm n Cu* Loa e7J^^iY<: LIbl 
K lili^^lim, ud lhal iJim w-mjIH iMvivlildi: i kigreriml ^ruHl ki amill crmfunKi jr^ indi iiLal 
ms'^uars- lAih uonJi^'i’liLUds Herudk LMii‘e>'i'b>ihe .\fritincia Uiiriln'Ml FV^i^yldiA 
AMiuiiMajii BiJkrir UiaJ pdcii Ui^pdijii odbla— inm ouIIuidl uT iJoU^xh Fu raJl |UJl!> ^ 
wtiiOT iFu vdirlarttial w£ iruncHi|^ 3 I diiiiik^^l aimiul TFe rtjl^n eIi^ Fou* 

L\Hi«d' lllmB pr^vMjrul ipfrii'.\H»ns»diiiiblishpfWfJc> ui4drAlinhLci'flk ^MU m4 

CviD^hi^ u bi^dli'MI tu'iJhi -Lai ii1ftj]l ilV-siCdiii. 

Ihr ihird nLKflirrkaJnJ ia ki piuurvh: }Ufn€ exnixifj^Tn^aTh iikun^iiw TmTi 

mlhf^enMm lHbilK>'.' Unul Miiciilly. c wds widk-1> h^lkvd. esfidCAll^' m At rdsttrhih 

■L-Ou’eMUj'iITV. Ilid le^ ilif jUlci^rtod uiS’^Cp^rdL jJUfHh- [M fi^ili-k IhMl 

M Jiililji 1>h III I h|ii I Ill il iBi I ^1 1 pliiiiii filil 111 h iJ i 1 ill l^h-LikSJiirY CUE liM' Ihd m 

¥. iMe L'mvtrsrty.™ i sim >xijiie^i i limiw ITiht L’ni^'^nily pixst^t^kir Mid Fjl^rjicrb' dirt<rlcc. 
Uit Ftilcful C'dtuh C>jufi i^Kiidcd diu. riotHn huFdid^ iMii Uiti^ rk> iiMNiLuri Ut rc^tiidiHi 
L'on&JLiaJ u pjil Ilf LK: luiivDiily'j nimiiJ 'liiAirKii”4d' im cili|^liiB ukJ oliuiliiia rcpmJkii 
arili> £>wndKial ■icncfK'^imdrcial cfurartdr 

By dM- iiirri .Wik^ tfivi ed Ufm ilk in. urni-frilire^ hMj -^iiMhA^ liv^lki^uitl- 
pnh|uri|i -sdriLiM Sid Acre v^err clrs -ddFlLiiJlin in diiliiipjiilni|j i»niiiicn.'uJI|i iiiuLThridL 
KHRh:hrfT«''purc-~-MddrTiKTtM>rp:h. IlM'^Hin. ■AinhcMl hdihuirAllul 
diu |i:ir III iiiJiDr n±MircA uav^dfM'ii, *y^ riMiiarriBUfviili rewifc'b 'umiisiikjihK' HirA^ 

Uir inUBljiin'i kpbmlc Uii^uu 'uhjndih't^ iihjIuJiii fed ujiJiiii^ suJ hludob uid 

bcdlh' pMlh'ipjtins. in iJistt pnyKii-".” ■'Hcli'nlid" ft* fprltwr 'hiwntii (jhidoji (♦“, i[)^li>dinE 
Kuti^b pnuh'V' ihij ‘irunMM ftt iiiui£ cT [fc litundwri anl lin ludnu.i-e' finiiii: 

bluAslk Uhd l^uh^*~. H< iiuli IfWr Kh- :M. rA|>ciiiiK:injl lAr JE^^:rK-. 

lhl>^llK (?HlneN4(d <'TliL]lly*lnmwh«nni4Nii«f3finn<inElhd Mfsilirruli! 
bltWMII ObJMAdl'' dl i UUV((m;>. Hid rO:mlL 'uraid' dtU- ObMnVir. 'll ■ dlllnjLdflDCUS 

u|ji3iiun Ijlij iKilln LUnfi^ib Lit 'fli: nii|jlh:iJiui^ uF |..dL^adt^ ihjr E^iliiiu Pld' iCui^ Fla iIectc^ 

ih< Ifw in I ■rtff^nnl dliddinn. M Fincwiaji dipji. priiir oji*' i*n»i In pi^ *;idncd 

ifwid uuimuni'.'' Dkiuv: did- ddins te^'d- nda UKdd ihn dscptmkoflldf'ibf ddltdidF^. dOM b? 

lei u Luul fnr EbdUiibd^ buffl-dEii ftc fdiiYtld- nilnclbi dil'piJnn .mJ Ih: p4Mai: .IIEt^ 

lll'np?. HiflllifK FTrifinKlF. 1h* WlM njwhl|i>» 

Hid- 21 >(M Sninu'l .-Vd^ddiDttd njud> d-O;:!; inn jfNmuYdi.’' 'Jlv ppdldmrd wlutioa Vi^nuU 

be Uk: diP dppnjfMijlEly iiaiLiii- k^bbLilk* YO ^likld mjiik ihdi^Lli iad> diF fukiCdd 

frnn infrir^nmil IwlWHi' Ifpr^tr^-n^itw kEF**i^^^i*i' it»n'iiIiE 4 nf 

MiMBOKfli iFid l!tu]Edimiifil‘Fnnsiddf C'Yi(ndia£'h>EiMricn>'ihd 'luIlKrujIinsmdYpnHm" 


'‘.vw Aiai EDnEiEdm'ndiE|^^d*l II 

l^ltiEcrwiEiiiai nErfjvMi iMe euim rj Bm rvriMwi u namiiEi^ u^nEii la.lo' pEECiiE 

pnvTud tv navtT-J^4i As Bd ralatt k|Btaiai trx uiu rfindq] ll■Ttf■IMl ee ebiwvtuJ uJ Ivri 
htci iMtar Junufl Fcr pm Thi Enfiduc Mmn tia.tnNatn0 ■ nuEBdi BOEnpni Fei utntpndcl 

IntBlty ■ I iBidn rntiry 

JFi^F.UDSI F^iJAlE^:!OJJUa.A{FF LEXB2n9i^44U3P.{JJd ^FUl ITJiT'.TeI 

i?U »Ki 

*iTiiJ 

&iEft>n| KKiM ritldii Iv l*VM didUl 
■ IttkOMj HtMidYbCdtUtt A Piktf^rtittijSjT iW JFlIfMA-J- HiUOMtl nd«lmKt FYdt. 2FW. p tC 

S-di 


TH j^Kia.ic: JTiciK ^kukkw 


FEijiliEj-<i 30Qip 
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pmcoion Etu b presided ia i-CHKltn, dice Hjch pniKlion a glncll]'' limilcd Ip 

ruMS'L'Ii uid ^ICK nid -^xlcnd ki ntuhiiiy iHmrimTil jvmkiiAf -sr vrnudq. 

'lilt l^ul mion.[voip»<edhtnta ii»d<rDLiinRdK|UHnn-;^wsu uid lit: am cw 

(timniHlM dkd im ddive linm llw 3 Kip Nntnnri .'Viidaniia^ nptni — ig 1n dmiBP mhlkv'tiHl- 
ITHtftcTf^ Lid! llul i>:nijnilLa: luiam la Trrll1VMjla<ii -rtt xtkJUilj'id. 'I1ir IVil^ iiiM |injJil:m 

■nwar^m Ihi phlr■IKl:'Uli^^l uid itdnnuUlion-imhrKibgOii induiLrias. iLapulkulirlyaKp^Dniia 
In croi^ ivtd nurV^l Tt« w ijnif uiH wtWirt*'. ^nrl sn* jd^ mliMt In N Rsun'nnpi nnlc' 
ihtfp II pcedipubk intdlapuiiL-pnipan^ pitiupIlanafdpfrppriiixKlirjlNn IIh llTkfuxl^Ml ariht 
l.r? K«td pud tlppi! (FR^jTrr’’^pl prnwn^ndtlfcf p>tJTii™^^pwp l■n(p'^ 

L'luJ^^nlJ>n hi Lhr pliunuiiL'nMiml iikliEjt^ . TIh: iiQkirtirC ciik. C 0 Unif^ ik^-Elufh:rs% k illu^lrxll^ liV dm: 

reilit}' Qiil mnr: *in nf ptumiac silica I caididiL::' fill n clnifil Imuj.'^ l-LvdidniKm', Pid>' 
I H LiUlO IKIA fimiululotii kilui ruu^ LlbikiJ hhJ j n:lilini uiimll ininimi^ iirUiiH%:, 

ficilktfii am-iduil py b*LL dit hau ■il'c^l:Y1 Ocif aiitii ibtciddli.'' II ii df iiidul dm t hilutatc Iw 
iliiKfc in fndinE -m ^nriipripln pnind cf aKlwiivily ntdt Ihpl; inmriiplinn m ilimnlpJnd nl 
■ uAiiiicd tie piteilh huvt iKL^u piling ^IruL-lliini 

I'lmdOE uik-lkaual-propdrlv |)r«<!iL~lHn Idr ii^< imdidinK ii poimnAl UKkr Uk LIokIi 
W wimhi Ivw, dniditd ^ |9£4i In five I -I ^lupt cf ptBcnl jvnLiiJkn Bridr JfTfTll^'Hl -nf ■- new 

irudiduia. HowdVdf . Od Lim' dmi it« pn»Lde di: suk- poiod j'ar siuUindd: maildiins aucliun'jn'. 
b ^Mk dir pFilhy tp ridatJ ppinl^ wtd ■rmridii nppiHlunhirn' hr la'I)' pildil phnlhdEr: IIk 
inuldtllirin uT lAlti ■■*1'^ die 1^ il riii^il^ -nm-lulf ^ Im^ B. Uir ikrktJ l]dKn4:d iB liwtp:, 
cnalEit k nlmi^ir ^jrh'wiBr Tar dir United $liil:i > rntradinp plipmucmcKil hupinr^i^ {im 
BnuM). 

In Ik mu kdidL Uir C^'ikiied Etun. fliOaU kddipi [k Hunifihin |Wli>d oT Id-] L Min. 
Eljowawar, miimdi' ihnwld be inKkilidun In dnlennirH 'uhcth«r Ihi;: pivind k ockqicTtc. ei^'rn ifeia 

Lumplcxhy jnd Lar^lli iif iliii|j..iL:vBliifmB< ktiivii. 

PUml tsiuK vt ilitn puikuluiy sipairiM 4o die- intlxTniUdn-iPiluioldtn' adiiiti 3 ', 

D^tcuiill^ ill n^^fllJvm xn^ kliaiid-ruljliiJ Klivilio. Hu iiulunu uid uiprudkimHl^y iirili^^iim 
tinn mkaaord .^nnindniidik: jinMiMtn uid dim duieinly hi^ revkumd Congpeu. .\n 

Piddrlinml rnmpkxilydfiirtijr'ipKifin WMteii.liiil iidrlhctiiiik-pinfkn^' fcrii '.'in-'K^nE 

iiiJuiiet^ nlEHCnii]^ intn^iCiuil dilfcT^dly ii dilTcrtill indiilrin. Tk dcUUtlilim maklUilei llul Minute 

lEiiHi m ttffununiupii for t:onjp(iE uid oUiH'nc'kivud Feiddnd eranin' la iikr pnidiKliw uilinrEt. 
incliidiriE ibnH "itlnwHnhcn-n 


'■'C Pndl.T IvB.hvIF Qinii VIHnwiiailirltnriHpiruiwr .VuwiVMlTDMyilW-lim 

'"TdbCrnrrfiM dM'Siiiib'prnuEEV^'rlPprKN Bid^EirwtdH' }lr<'iM 9 4 dEi'»nHiknt<di'JM 4 n’«lppniin 
ill oppOMil piKUd. yiov. l,21Ki| AtiiUkuhiii/riUiArdn^l^tEiiniiylitiHtie^UEin'iiHnul^ 

*^11. ikiewiii. I. llBicn, ml P Cli>£iH. Krlurn 1 M 1 nmekuii iktcIc^iKiiJ l!ur jypdLiEY d7.q xiiuikMdt^a 
P^TBOfn-uunvi 

^ IrtvuinpnJ ^vdciftH-arni'niuupaJ MPiMPcutn Jt AtuwoiiiiH Aiipu4dfuqijn|..^B.tii^iin’Jy 

tcunhiioci ii irkEflid^aubiii lOOi. ttauiddE U. 

hl^ .ywvii iti] ifi.‘ iUH kU iBiiiu|.u I p.lEf^a.lpieTiCMx-cicaii rriy =tt rv e1>: 

a-T 

PXIMH lEll JCA'ItOM VHESICKN I'elnun. i:kku 
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It-i 

A F*wlPi Kijfty'tvUf t ViwSWj 

[nccTCri n Lu viqimi^ n/ilJ be ■JuuaJcr^ls iapnii nJ ■iiLi-|i»jki^ cuAik il'i'. 

Ik Lkr eve «f inociiivcv Lu linc'Vjfi nrf m&Lbsm. ihfi ucliMKrilT p^crli fer a jiciiid cT 

^■n tb irBiJYiliJi''i nnjIikTH wjhiniuiLi] pa.'ki^ Lu Lhc FuetJ aJ .Uaai bln lion bun bcu^ 
ujbJ u ■ »rurir nfiil'iJTn^aM ■ ofvmp«ni liri fraJun panJuli. Tic [BinJ -■ a 

14 plu JB iiiiilimil ^n* f Uk biw^iAjt ka pvmJ Ca* nArre Iha hk ■iJm^ho. 1Tr 

ITnilod ^lil^ l^iwrti CKEliaiv^ Tutb nc¥4 okoniuil ailils llrr i ii'UJi, b ictiaJ mdi'^ia b 
mlilioJ Ip ^ rein o^cKlHivilv. Th«r paioiL ac ^zeviIIv IuosJkvI lu ilinuLik 'n^'nlrsail. TLuk 
mimriiLH iimliiB ■ ike L'nbd Hiila m aknotl cilifdlT pftloil-iHi m. 

Hie -Jinnl. i^ilra hsk Iqck HLimFul bi alinuliliiM Lfar-^TtMiiA iJnc¥4 ■ulsuiici. UbI Lhc 

LifidiAuu 4^iJk pfliETf i^iln iLviTcliKin vn^ n ikzivbp IjiiliaLi 4r bal FkM ike |AainBcnAfoil 

inAnln Huld iifTcr 11 k ImiLilkvp uc Jir ltj^l|i‘ lu lhc ELtik uonlrmLi unJer ^huii iir [^oil 
■ ■■aina uinTiln HiJnA nnn biuI HIeiJ ia if«iEL}|- .d poBublE iHn m n^mlim iKclki. viJ 
IJk CvAii^ ■jloii. iJTiln b Icmkis Milh idcr Bpfojb iJ^up Jci dLfa.Bil.^ 

Hk >^711001 Hir^kCa m. i BiODCiirli uFcIy aid cfiktch' k aiEmam^. Tkc paicnCiub uT Fkc 
rKCCKum iLAj rc^bn bne bJ mcnch. IL b lu pHliali' FcncllL Fir o rniih Lbtk xi pqrnujriik b>^ 
iic\ulcd lU LJr ■JcHc'VfpncM ijJ4r i1£Cil bOI ajicidoH Uk ^ie FeHLip* Lhc r^ixB ui dK 4~i'-Ek|m'~i 
mi niBLTil bmanic ilcwuKdsn un Uk pBJnf Icrni. Brin|Ln^ ■ bpm ■Dikiu: lu piliciii nifiba k 
K ificnoc i>r m^JT hmLlhnjiU|hi- 'A'hluV b IIe uunoiLi'triiaa blrI Ik BJOcn^pAnJ 'A'd IkFltc diE 
Li£: uF I pairnl cw. ihL. CMIcl Fkc Elinii -Atn nn mi. a J LJk anoAitfoi' reu^l iliil in n* ‘Ailfa b rtcii 
nM4£iillc air^^ ID ^1 tine '~Ki.4c on LJk illoEk". Am m rwlll. Uim: ii m ^^-ip^Bii 
uumall^ L?jB|B’l'Bi|; raoTT Um 14 aiillHn waptuvl^ llicir u rw inmlihc lu nluBC ihac 
L^PBpnalb■ in LIk J^kbu: uF'whlinbd iljbi-|»:kB^E ^taiK pikiLn ^iU Ifc cUin' 

uiTi iiLiUr UE oTiBii anm Ein DHir Ikri. lkEi> n-njLklc bb^ lu bybbJ b •^’I'-slepb^ b nblo£ 

In EfiilABB. Ii kilL' irualJ^^c bii pu-riJrdc^^- i^iMlifTTV fji' ukl Buicc Jfi ■■ HubI 
qpin^^iriik ^iarpakin: jJitoAww. LnJenL 'aIkb rFOiH^npiviJ'^ijail wS'vi LJk putkjEL ^Krr u u 
lArAcr^rrv lu develop ne^t- inlnfriB Cnmj meciLim- nm- Ir ^vpweJ Fie j inDllr bibiIq 

dlirt UhiBc ikCPuiinDd lAilh Uk biM'i-NM' i illVi^ DfUf^D Ft Ik) li^dipMHid i^^Acil eAJ linu oF 
Uk iidMAM b LjijMlcilliik. Uk HntviE Bicdkar bt i^u^LiJ iCt die vr^MnUcJI 
mdL'i^uB. Tkc irBi/i'iJb'i alLrc lanLCl libIJ Utci be ernkJ Li^bhc ffiisikiirB iftr lililidc Dj 
fwrtcnljc diE^mcTir EumpuBid Fur iby '■iIuCmib. SEludic^ ^BlcrrtDj enci reB.'jndbJreFtbfl 

ihiriU bt MDde nc^DMriJD Lho dcLelh^RilC CfnEVi bdMtflM'i^ tb' LnCOfrrI HnitiitiMfrim tHc41h<> dF'Ad 
AtMct kAel wfkBirAkdHC dbiMI Mfrik Fb eFicMlh-Biukittcd CLrB|>ji>nih ihci Fur hicideidA -Dnci 

I IFc inBDi loUk fsi iBlcTii D'^rU" u pmibCi ■FIct bi iipii^kb wiin □ urriilk' n i 

kfwkikc i^keiiBi r rv4 Uv LkiiedSWa mlt Itc ebrI FiaMu-UFCil i^Aii urevin Fob 

nrri>BTeTrici^i>riFr3>dcn Mori ut Ik autU UIeB^ Lie liikT ^okn fmvYdon'HEkvv F^xil rru4p.iKn ■□ 

Ut hcTBqei ptrinAif miKJWsit ITril^iJ Ebd^wiJ hfuFniM^UxiERrr nn^ Lki pMal 
flkr^ Fr^f-m^ilakv-Cu-lSk 


A-m 


7J!!>Pl.'ltLICA™fS VKFI£IC3(N: 


rEhmm 1406 IjJjiiud 
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l^•l: hlm^hrn lhr 11A]P Til ti'n^ll 

1^1 d HPCfieo' rc-i^dich ID# dewbrn^iil ii:f ■n^il lo ^io^ltib^ jrm'JK piYKlmail in 
iiinwjiHJfi. '11k: iJifTBil FtrKipjh mJ yhiKTHcnUlBiii fFUlil Tu {.^nJil la> Luir^uiiEi Ad 
mfTTdJM ikfiT FBiEirch ml elii|TnErr1 ^fKirdrig Jtti'.u j bar imniJTl iiiJnilalnl freffi tiuir 

ifvrdinE in priin' T«i(^ (.'mcrcM inf Ihi ^Aiiini^lio« nulM 44 oidrl [Kmwi<n1.'‘ wl 

il ihuukl I'm liCic^i^d FiUiii JQ^i h? 40^4 ifUiliiyii^ uj AM Uie US UK iJicdJl ii 

iamt^cUti e wilh uT iilhiT' cmrlrinv TIk cruJiJ ihsHikJ Ik nr^UaJifiJ Bo Liit^wiki Iilvc 

Ai(f«j«illy jrnanih. i;* rw*rd> •ni* rfM'-'^kpnviJ >n ihii wi| ni:i: iu |n 

Um -^utTMin ih lua ptAilbd la feM-lrij pnt^ kfulv twa/xrS ui lUd dufuitiri. 


Siwh df Ihn Kiro^l tl'mliFlr!'' EM 1} v^nrtnE imiiMi iwidy r 
lv^Lu^iJ iiidiS li^ilte. TIk TjK Cioili Bkl ^iiiiilu pv'k:kt i* ilA^r ntfkiH M 
Jai^ciJ So [Tniniik itikl RJcF!n imnlnKr^ lmiJ So mLiiBi[^ Lkr LTcdiim huI rrlcnlim jc4H b 
ih« -snmihy ih^ \\v inc^Tili'.-fl 

Ef^intilMiTiC ^OJikcb luv-d -drUaUUd Uuj Ite LUl dr4dl J1 ]idU1 dlLJ^:h XA.n 

ipcnJini B lik: cmJil •jie^ in firpMi^ n^taaK' Hid pcrle^ n bikIi »i Imua: 'ki. ■nimil • 
puikjJlKH'.' ii^w llu kfif Pd^ihal jrd irnmiinil'i LbcLti InJilirrmSi' kii.'d ir 

inLdffli'-'^b pnminb-' m -i 1pk t^K. biri 4i4jr f ft^pl 4(i f^ld Ik d'^n mrrf aipiil^rP' 
Ltkindi^^ dulhAJ^ Licdb lb hulBii F^hikjl \u\im hi ^llkct Wkrr Lhc ECKiiuh l« 

LurdiuL'InJ. ^liEti lof i.^'L: rm piiii m pnKkjL'lii ilv. irKimr. and Lu amniia: ar aJiL^ii In Lbr 

imnudfi^ f^n r» RM i^iKnEhnE l:iy ivs cr^i. H wm- cl^sp-Apri the er«# m p 

I>ii1-ri1^ii.'± lllMlldlrUL lur dfli^ih ihuTi Md UTHUIE dLUlliy plba 

TIie rifki Lbaii^ dir LTHinUrt: rcLmniniiL. nairlv mikiiii^ Lhr ltu^ IKimuiEiiL ■ 
piahj{i4 the mod SincE iKi silmdEabm of IKe lix irmlil in I ^fl. iL ha^ been 

d-^eiiddd rop^hiiedb-'. ill^^d to lip:M^. ind penodkilty hoiUIhL d Vi‘itii;iii Ikiry. Ihrmili^Kd u i 

jHTi'dUjiEii. iX:lidjk -ilniirill ul'lj-diCV.^ Qs^lld }^iBL illdlti'OUa -e^nniiSon 

rjEiDiiiiEniiJ ikiJ Lhr iruik br nuL pcrmancnl »> Ihji LAMnpiuBs l'k plan liir^i^ Lm 
ini.\-qiiKnln ■ i.'S'4ia<d HJtU u-illi Itw lhfl die- avM ^nll h- LYiiiiblt." I'Ik? Innu-tf 

an Ci^up^UilV'MK.ib rc^fffllY tckM J [>11' odi la iuhi itM uk «idn (Ktriuiiiii.'^ 

TIk d^'LiaJ s:hj^|.r, blieiuii^ Uir LTsabl Imd 10^ Ic 4 A^l ^uiikl Ik butt laniVunmid 

pn ndPrwTfn. rmn TTk ^I IIh endh p edimpkd -si U.l hi||H^ fn- 

ITSW?. IbbcoaffcHY ZQU6is«ii«kacd u ilKdL^4.Zbillii>ft. u?ifnii^i]Ki.’irrcin*i:re4iL dud- 
lu uKfhiC De-ilniibd 3i|, ill tOEildijd u^k TTe LAdnliYiibK CfarEttiBe ^UtMAd. iFul 

pcfTnuier^ ^si^airwi rrflh^ inrirl 'Fmilri ^ed jhml 141*1^1 pE|r ^p^iii|hh-' whaJ ih* '=r^h 

oimnilh' iiwlsl-. Jkd 1 ]uc diB 1:4^ mircmvicfiiii^d ctujiB^ CftHtJinc ihi raw ^wj iBNpindiifi 

ehilibilmii ■K^uJd pM&Bbdv r^li Li JMJblt^ Ab- laml 


The eurm tUi^EU ndri esqarbJ la Ub XC 4 

11 lliL.nl X vnJbmn JIoa* tti^rcAC hied bMnJnn Fai tUCLf-' Ai^Kn e^ It Liaaik^ VBoEtvq 
l^in ■.'Bitn^. MA hktmJ lAnmj cf braoru \V^ 

^Aiormlh' dr]CdtD In 00^1 vd EJEfiTLn Dti BI.IDjS 

'^dJEvrnJ boaiel OAniL Afewnm'xfinHnE FdUr. WnAvi^i^ DC 

hbiiond PW4. IW.B *4 

*C«>a| Eu^ruM HHin^ TkWI^rfjaL'Pr' I^SUWll'K iT»npBK|H'e««. TTiK p -w 

^ JSh Fliit^afibi I Yiud Rmiilirimnin. Fiual Yib XCA. AntruciJ Pwi^aaivB T^* M S 

t^i'jTBT KH-^ p BA^ AmhMiB 

tifi : ikBiiUEl] nnT>ZJ9'34?Z.Vrl'ibUai3411'ivirv ^rnaaAB|E< 'Ufeu%Klvl>A'TdL'i^[adJ 

a-0 
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mv i£-'L±ait reiM^ih 1i'j LJi£- I'Aic. lUI Urf- Icihl 4:if uhiilft IX liLM Ethl: ^jT^IV 

fufrcfil CFC^il is- 1^-% rather Ihwi lifit. far ■.‘WfiflOftfs ikil 4e[hKi HA l> eotpenses.'^ A his^htr 
wi^i nibk' thi: ‘bunliwi: ffTiul iiTlhi; ltuAI 
ll iiM? Ii iiii|KJclMI Uf Luiiiiilci' ■! iiilmiiiujiiBJ uild'O. Lhr urv^lhilli^ L'liiluJ 

SLaks is koepinR wrih olhef fi.°%ii4mies- h- ba li'i t Iwjlira fH* Cw 'I ihl^ K 

'RA.'n -.‘luiliLi iwcK' iJeL:nniiir Ihi: Expe uT rTKiSruh piafcirruU, buJ lhr\ L'un viriwruLr 
iAlinr Uir Vi-ick n LurmliiL-Q:ii'^ ^ uf 21HHL dii: riul iiiluiL \ciu t-ir: UhiiiL JiCu miu ^.ViiLthk, 

mulli'AJliorul liiifTMr-sliiiru CMNCi] p^rt«TTKd IZb hillion b iUilJ n Ihc- t'nrkd 
Kl^i. 1,IR-hiBcJ furTiirmaL $ |4 1 hlllfiin In -rn.'p-KTCi ^ THett !■ in nhi-iAiJ 

uJ^AJil^j^ XI Im iii^ SdN'On kulc uper ilium in flh: L 'iiilni ^ iiiA fnh ihia h iiuinlun IIk 

ffiiplD^'uac of dK fhiieWBO- and enjurwen li ■.^orpeew moiTiih libcoHodM-. hirl moirch 

Iifl^m |.n^l^ n^.r pTiHlndjiin rKiljlj^ ^ J^TwEi i»f >11 w«liw7» 

Mhnr wc ihvHJ|h IkiicHi Ihan Lbcfr luilnluliiHii lu 4 'K LiHpunlc H£ H 


‘'ThdiSijM-WLJwS«ucri2IJ>rUP4n<:ciHthf-LiHVBlRirM^C«k SmJJL iVhmniv iViJ iw 

bodxiinl if RAD iiti i^piAr CA4 AvtuL 7A7kJ^ 

jTarJjnM^ liirR'rilwiA tfu’i'AivilcTHfii' i^i^jun. Aiuh^O-A 
bip t'^KWK ■‘ii^<^*dMwdl ||^~T~^E/M1l4'pdr 

“ J. M. Fourth InLTL-JLMJiri >i CAh*. Taf. 

mTCwjCnre^ ^ J hi Pijiab« Vre^B^m DC. ^iilkv^ Aixkkxi" Pibi. 3H7, f 3s TIb UfMtf 
acriima Lhiri onpreci \oatr wi Lhc ouhr LimI ha Ltc hcaJ RMl Lu ijaLl In fid. Lie niiMiy 
[da^iuhw.in lb IkMliA ir^ini ■ii^Er4lumii Ard tu luv^ nunivb il^vd lubAu Am ib 

^fTiTmiil dk ■A'fnJI ■xfp<r4L<UK raK-4iW m ihf-luy Ekhi Fc« fuinrk. Irvlmd hii i Icb 

p"ciiB«j^«ik AjI ndc. n ib- RADIA Eicdji "fui rmjE B-^Tbi.lirE m il vvildlbi^ bm hxJ LIe uti^nJI 
lElc btnhvbiE 

'* biriiBfmJ Heme EIhJ UVA SctmvT au’dj^TiJNr.nfl^JbnhcxiJan jViM |T4X| Azhr^in Urpui 

PAiioul l^fuvkiui p 4^ - -l-AS 

'^^njontScHiK'f B«nd jym 

Midio^ Bl-xivc F-nniklHm Tv^ln 4-^1 4^1 nj 4-52 

K-m 

'UUC A'lW^ Vt.K£IOS; I'iilYUin.' 31NH Unloti 
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H- 1 mi R£n Iruvrtfi^Vi k nihiT ■Thunb-k’^ 



Soirc^ RJtrCitcltO.TlilHm&fJ'ijIiwniilftlTjneiiiMHuw] RAIilikflttTw’' 

^fXS lvttp,';ii''wwj[Tii'atininica<«£limr'i'C(]§i^ndufliJiiil Acc^aed Cktcb±r LI, 


&|[ 


PRD-RJBLICATKiN ^ili^SiaN 


^4l^ll■c^' ']CiU Itliliuii 
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Tlu Ci;;aniuui» Qv Ci3-cp£raD«i ind Devilapniem fOECE^ hiu luitd.^ mnd 

Di tn«nib(r t>:iirTti« Icu^nid nwni Eflunu uioenti w fn RAD np^noil).''^ U/ iiiiwirs (o i 
fcifiher, [Ktuujicnt lu. [Dcdil, Unted !fted« iviJJ Ik IkHic psHiniddl la cmiKlf lEHlii: 
Minfin iJy' idlnwl Efe^litre 

Likn7isi,[ui»nil piilu:^'[Tii£lbeoonl!i:niK(Sbi«nfliKap(ictypnj|«m^QO(is«l'iit|giikibans 
vf^npvliiii NiiJ in:>|dfiiiifiiiiJic >1 m £i4«T*] RjAE h>t i^nbl [hwliiplC wd iiifenm ijiitAilirKn Rn iIh 
caidiKl«r'lixauLlib'n(ilil£dla'UK rcderd Ki£.Eii]4cr»:ltinuaQl£>lKidnj]tici(l Federal reKorch 
bM-cndil nv^liijii'«liv*4dUn i|^i^lanSK< ilKfilvi^Bm iiilPKlfi?ri<fihKilE'!tC>'*''^ Aw 
characlET cf RAQ. luch d? wimndid w of dilafci.'H'; [i^'ided byeirifniil putki- ind Ihe j;mter 
erMbKi -nriLA.'n flirrugh j3im vciiaur'a. Ar^' ibiiii'ind] ft^iny Iih. mnlru ofd reJjied. liieemiitai 
ibculd retEtpiuK ihs in^qituioe of }iHri[v statn -ind loHlinei -ilia oonfbnn UiEir bn^ In oidbiace 
A rWiiH Ai rtb^reli Add TnenvAbdii 

Finally^ tbf de&niHr of apHiE'dbi: o^qKitKf uud Id rdnililF Ilit ten: n>»l]l ^lid be- 
d^q)lanled^a aUdw ocfEpinie: iJul have oakyslefiLiy nuixiuned lu^ !» eU ofE&Jl ipordn^ do 
filiiiD Lhi CT4cit Ajf VEinertly wnutan. Itw mdil rp^ir^ovTTiTnd^! duf lu¥t hvfa RAD 
esfeoditunei eornpaned uidh t hue period. Compoiuer dut oonairleniJy ui/tM lii;j« amounU. bin 
dc> not ifiitrDfiiblv inmani ttwH aniDunlr owrv bm, mn bw mJtidDd to btllE vr no ntdil. Tlir 
rainmJa.lluuld be iraeoded lo not to peruiliu ooniUiVm RAD lavefihdr. bu rolher cballoit 
f nTpuiies- >fiidi liRnficwl uid DnuiMml RAD inreAixnl! do reteiTD toi; nmtila 


CjCtCD irLiaF-TL TEdiukv- liAMiy UUlceL E^im 

3;-]2 


PUG-PUBLHTAriON VH RSIOW 


Fdtnnrv !Wd EtkifeDn 
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{.'■^11 bluiiU lU* Cjf jII iltlc^'iUC nrfacii^li iid. fs^iUi IIVj 

^TCTIKn niii^j hv, fnF-fKirr^ij, hrua^nin^ ihK Ekfiniljim iif ijiulir^ inp 

^ulirMnR cqicfHlKinc tc trooa3i(4 14 wrlu^t sorit' Itidimud cnlj o1' £^inlu;linE 

in-jcjuiii, hk cnipkr>nc h^nc^ iirEfc [jLiflrKiJ fcmcflLi, rclirurniri. plaru, bizillh -u\: irxJ 

» ?nj Tflited it iiinliririrs. » wVll r, llMTi ot'«(ilr-Kl rworvi cwh chhjwi! la Itw 
v:iJ£n3!C Dl 1 dilK:t1td lYkllidd. ipnif f'Tf i liilllHli' £iiUU tW t^Aifllkil ilkllMk jll 

Inti ml Rin-in'ii (ISC? SJ+drefl I TH ixii^liir#; (i Tm(h kwiir tWl'iiiiKm rf RItCi 
<)(|;c*lIiiuiik1. a fcnian 'ifik' IK(.' ( Ik IHK: lunniiioinh iltn Jitdii«;« ik lri» iJ EU! I? 

%:rudil liy b^iI jlvfi Ik- n.-j%:dnj ^Lhr liiiiiLAjiiiii li& llh: Ti3^ull lliil ilk: Ik?: ^rru^ >k^kU: 

ia ilw Uniiri Niiu> luilav ■- mill]? only a !?'« ireilii?. 

\r*te^Ii!-J: hivkii|Tlnt™ih w-PirliS-hiM^ |pp«kd|iin 

Mvi;i piliL-a^ ml friipjjit. jnL-=l iiHU-vjliiB Hid ndjuii'i iliilily k- pnifii &iim d. & vrdi Biri 
foisiMd (dr liu -YomaiiiLK it LAndun m hIuikui-£' t-uiiiiiiilidA hin Jh«iidiiiii]» M -;iiimiic 
::£uiYuiiiiL- |iuk:ki r^uulj Ik c:kniiErk:d iBkl, If ■A:^:llK:d bciicfhiiil Lu -Qk: 1 'rrkd Sljici, puiklkcd 
Thill it^iiivii cnM ini:|iiiji in 'kiinll ^wijnnif i>i 1411 jnJ ipucid inY [wni'iwHi'. 

fi:«Yidlrig ilkMliVck ILd Ult f^^lctk ttkAlTL-b Hid lllMuldlYhl'IlVI; tlJu^lieilL 
-timliiuTt nf l.i|iLjI piiii, md incadiYin 11 k bin^cTB inLiodmiali in dinm ddHi Tlu -C-ouncil rd* 
LfiMiomif .-UvlHn- Mid -k C'-mirdisiml iJudiM 5l»uld a k'«npid]twi\v -anil^w 

k-imiiK Ik^m die ( 'nilijd. Kl^ei i::Yiipjne: ft idi iilher iiiJiiirt. u hn-JliDTi Hk iiine-i aJiiin jnJ 
Tt%ihd-3k1ii'HiM u-ilh-i ^idu lndrFumGili?il*«C.'nil4d!jl!W4iKi;iiH'tf1kiTH>q-]iliaeli£i«rb;«i 
u die Uuild lur bm^ienit iiuun uiiKi-mNied Ihicyiukiii irid Sm Be ribt etkUhli^ lEiMt dm 
iwmlmiinl I'rnwn Ml ilMiih*Hnl. thid; in- nrt nmr lb? edw 


0:Uidjini B-uBid dieiltuiUMB ^uikiiii^ldluliln iiiKkkdimu udkii iri.$ dir lul 

dirkiriYiminl (iM'hi|^-i)iKlinn|nEi.'lwin£»'9diYilirT(]W4 Ekn k-^- Imlind. QnH-t: ISaciiprirr. 
UA BCiK S-7] -L'dJiidlX TlltN- dTe Mldl^fllUijl^ dlCf i:ldil^rY In (i£i laY |ld1kx rim ikCded Id 

Im fKlmEirl m ^YmiKin Hu 'llrrlhlldy iiri.lS eipiiji nuikcli, -puIIl-uIkIy frw nnuulii^ 
iBUIL lii^mtiniilJin' mffiviies dtrii^ midm ^iiprul ud pdHu iidpk -dflixuii^ hid twtB 
■mr Ilf inr -ciKnwipin.i: Liinfuur^ lu fuiui dirr imivjdHB in Be I 'inUd ^1 Ma» 

Ihi ri»j n«# nf Yinlini ei^c-il ii Itw lil« I #1^. h>ni.iT(f . wv (n||^id ltw p«ntiil?n»- 

■:u11j|k: vf Be [iMlnuld^ ahjtjL liiidik in 21101. Vbilun-'L-i^lid uiV-nln'etiQ. lu.'i c Ijtkiifdirll fill 
:ip*ai m ihf L'niiri- Siji^ nn knpir hai -flinl mh-nniifjf '** PiHipyi. npally -mpcifiMil i' if 
lad ibi fiYdiUiwn cipml itnib Id Ik higliti' mebilr Mid lo ISdBiw -itifuauniri' iir^iiMi.'dn-'d ol' 
^^Kwul. IktiLuk 

Ihi idmiuDOM tKliiVH IhJi did l^dji4Sl3K; fin -ind shmklddBidiv. pinknliil?' inux 
fulkA, Id rdi-uui^pp kdJ-lciiH lii' f Idlfdl in lUldl-iGiull, hJI il ilU ddC ibid Ui dildiiiitd: jll 
dpHlnns- md B«r in^di^inrid u-'dJiin Bf ^iftoduli nund^h>d (druvr ilud}-. I^Ytnl ^mliud mu. 
ipplUb£hi:ltdL'df<ldl-(UlIUI^ldl1ldH Utfd dtmibidd. lIKludlll^ Ad dfCidll OdldilU-ilhlt rdldj liK 
nzv-lim^krm inMrdmmli ie - rdTerin^ rmiir lihml kHiiiknu: for liMi WTrlcnlTx. HciHYinill 

^dipdfud uj] rjid. uhkh 14ITK ihduni? ermns i«< u Imh bj? inbinudjunil Aindwlb. I'-ilihdUiih 

llur il LiKBiivml? ulkHlI e. iiirpufldin ftd -iLkirniniii^ vllim: ^im^BiirY. iinn^ ei R£.r>djE£ 
df^Mi'lruimiifliYiiHi. I'hnll]-. in^inliYiii rnrltw iMiY-hiki-irfhi£h-ldfhmHiirfKwrine.Hifl 
idYeuLh n|ui^nidiil duud^liai-LYudbiiEuJult-ulniard Jdfned-iiliun Muid k-uiUiindd. 


^ IkE du MKunl VAiae Clfi^ Aueaim hYlddi u -Ym rrvoi-^ 

S-17; 


PHUkPLIUUH AlKP.' VliEHIO-M 
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Tliilu dM nouJd ^'ii± Vi CMji^l|Li:iWn lui Uir Mh i uIkA: 

Jn^ ^ CHir niliimil -film] piRrl^w h wiHiU h< bK T^irliirc xm rviu iru^nd^'^^ x 

'LcaiprchwMVf. inutriitd pickift. II ^^utd itso be loftid » fempm IIm elf (<:'«' 'if 'i'irkius 

■:^llln^, cxfKnxIlv vr& nifLiLiiLL bi uhji rikr rvdlmi ark: diilng. Any mm4i anilvTiH xliiulil 

tKiinBO 41)4 reef iff) IH u.ilh i. vieu. a pKkafi bf iIKe^li^'4] 4a mgiiie 

thbl ae e'^kiud Sucd^ etilliJib u h^K' p\^ Ibr lu<e$- 1 crdl iDAiVlIlPd-beLlMLl 

ini-ftinHnh Jtnl Trtr l!«:Tti«i bf Itw fnlkn^jbK Ihny 


Aaik>n Ik-t: IlnxrJhnnd faoiivxni Ax-nu 

IkH'enbl rUbMIt xTb Uell tlKtd efthr: 1 ViB:d SLnei id prrA idid^ trolLiAUi] Eiir &ij)1k:. 

^hbn|. 4 [ii| liR^neu Thil ^ipWliilily e in 4^ « ypeebHl la da Kt nWi In aHr-:* iH)rn.:«keL ^ 
ec4iM(im'. jobe-Kuiun di the Zti\ eeuiiM> h Ad ibi'im ua ibic ndephode-. liiiMUd]<: Ik^diV'ip i, 

jndl avlivac^ In di^: IfHli ucnlixir Cirr^^aiKi ikJ dx: jiknIiilalneKxi dhuiiid loAi: poxxiifd Kilim 

dtohily in dib [eedJ)(>l:^’ dmiL uid a speeinen cuiminKa » disire- Vi Kkispreid jHerdeMt 

IriuAHiid XiiLua. ill Ik: liduir. 


Hid- [ViMtJbCHii Of rtfemuilM leiOrtoki^v 4i|iii|ink:M[ .ad dh U' drniliuHUiioii 
VLiinoLi|jk' hxvE hokin anpirrlvil f-cr 1 ’!? r[xmAiclii ilv jjrinvai in i rv^jE nT in^iIrKsr aid 

Tnr IIh mvillinc taw-inflmnn eepnomk «]<p]nwr (briefly, hm nfnilieaily. intenr^Hed in ^Wl] 

Ihjl ll■liull hit: rafKiTkniAid unxE dir mid- IWfk Thr (^KCI? nlinujL'x IluJ IIk fuiufj;): oT 
eiprtil ini-ia 4 sawni i^ixinhd {111 by >piindnE 'Hi tkxl arjbjpmrrt n- liEn'TKHilly kieh«r in lhf 
linned !iui« dvin c a In odier UbCU eopunniof iHluMirs ta diyuH- u rtuiiLk)l Miykek, 
Td^il, iTTAnrlxrinixrTl. mml IbfiaJiu: aul haupnekllnn ar IwinE IrxixdrwTDErl ^ ilfiniixlira 
xrhnohiey. 

AIiIkju^ iuiik: hkcei: Ckf hoixdiuid uooru ii mil eraBiiJ lu I'b OLk^KUixmEM. 1 I 1 : 
onmnillH diufiws. 11)? infermilin Iciiliibk)^' nrohdimn nill -iinitBiK In fml ecnniMnie 
p-rl^lh. did Lfriiiun of lli^h-pjyk^ jdM, tdl l.'S Id-jdLailitp ui jbdldide- dad irn^ldtiiiij UOll kbO 
tiufi^mi:. AniEikralm^^ pni[yTii Imrxnl rniLTi^lxmiEliaHj ii-rmKLtai ill. i.i'xilibk anil xlffTEbdila 

Idir *■ enir.dtii ind buaitxjdj li enaed. Aldidd^h iKHdUdiidin dl bNalbinJ urdMe k did- 
I 'nikd frijln in iixxrmwiE nftidJy, Imiidhjxd IexJetx iueIi u Kmlli kiimi xiii iipin 31 c Elill liu* 
fhiffd '' 

Pruodciil Muili Hn umiiadiiJ u ll■jlllluJ pmli iif u^|uilm Imuikaad miuBl 111 IK: 1 'nk:d 

klpj(i!- " Th» iryHm»d*H iTEf ' 4*>* .AikniniEtijdinn 4i)l Cirrifwoi bi- like Ibf iwerMwi.- rkp^ to nm* 
Ikn jbriJ- ciitu terriois 1b ni-^nc- npid bnadlxiTF] pnKirdnibn lir in ar biidj of 
‘kUdxnirrariiraiL'xii To^iljliiBi aid .^kkortiuni pnlfcv, irkzrf in .cmiE lokp: radnancKiri xnliiOry 
nceiidMs. ue elishinG In FTdMn.id' d*d esund did idvonuBn' olfdied under pekeies rrcniulBalddl in 
IkiflU.^ 

I ntoeninniiivtoilibn mlruliuiTurd 'aill be enieiol 40 Iho ennTKlii.Hini4H nf my '^mmy a 
'b: 2 Lli onnudy . li h ikr iiiddian bx uhid4L dnii av iii.'einrd. uJu: fikdr. aid 


H J dirrdrwi TxcImlrfyaxJ llEaimu Paixaxni inrlx .^naaai IkaioE^ Pi'akEilp l^rxi 14771 d'jnlwii^. 
kU Nunal 4hnKXdril£a*Gxii: XixmnL. XeG: 

** mod^ Tbi liEEMoxEdE iii[mxbrrcr Pva e»u>:, 1004 . j. 

P einik U d Ibp n lxiaitmxd.uk|4»i ikaifi Vall'dnui( ayi neprri £Jd llan rAWbn 1^ 14. biOH 

Axuhbic E Ufi i-vnv mon'dijajrilidx |txxiPuldL>'d09JI^ 

Ikai fubmiaH^rnku biT^^kJ 3(JDT Ikan li.aRh.31, 3004 
Pk Mini 'Y|i x^ii iiiiixi xdxi li HE il I idil ix I x1 1 111 III “I'gjlkii Imir iii up 1 1 1 11 iiiiixlri xi il 
opEiir'.iav.4min'ubbmlxun7uui^>)air 1^ 700] 

k-14 
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rn iFNi'milUd t'tm hrumlyln k^.;l Ih^ v^’l pn™»il'.ririnr''fTOiliijniMn’niith>,Hn.' 
Ih: IIIIMli.'uJ tlMktUUltn', Ifc UU- al'LdJiirrVijlIiUt d llw [yflMl tilirk^ WllMlTL *hE 

\*rsrr* rfi^ilirr it lh« w'tW. 'hw?? nrii' ni(iriu|iliiMn<t» In 'to Tii™imliiin-l*^tFi(i|"EV' 
ntfru^tniLlun: liir iiihiiiflury. mJ -luidchtiit [iijTiliuiii^ LrrrHti in rui linich mJ Uic 

Erm 111 «f r* linf hI^i v hWhI b«];iiNi7 ^Emwnf^^cniKniy. 

Ihr liCcincC rtuin: duiiiiiuin in nciiiiiiiilEniJuii. niAviiiiJiuii n^L'clA. LVjtiuiicTL'n. 

^ituciiiun. jTd tflieiuiNiieiiL Uu ki!v i/flunKuiral itMntr ml te tinsdiirKl jcmb. 'IIm p^xnmiJ 

^iTinrhinn uul m Jividiabi c/ Icvninp liA:rm:iJiciiir, Fnlinncl imlLVIimirKril, .md 

dcli^'<^>' of Mrriirn iJitinsLniHS 1 k>w vto. ihc- uiinifc nn diC' 

jnv^-ounli^'cv^jIrittF Ttw Uniloi Uid^r in Inl^wl 

IxiiudKnkl [wuirjiiLin bui iitJtiuL;i' Itni Inlkn ixn nl'ilu- inp ED In fa ttnidtrukl 

iirvMu In fiifl. nnJI nttini^ nfihc ItwEjiI :Sblft tv liivijkl ijf nlT™>lihhi hjfliinvlkml 

Wludluimi L~jpi}n1ilv Jlul^ IK: LTnllni Hltfoi Mui. y liiulcr H jmivid^f id^ulliiiD: 

Itlft'WHminkwMn <ni ta ih&' In hsviliiMn'm IIk flNfe o<ntu^' anj Kuptd IIk iKtHrE^^fi-vior- 
■ji^i^niVilV CocliiHiofjy, ri xIiihjU Iw ■ builcT m liiLild^diii^ IhihaDiui J hnnn^ ■-iran:li‘^by bi ill 
ciuidUHitu iMnlufv '11111 iiiJ'ruLn«iiTt'm>i'Mil}>'n'ill suppijnnuiiM^'fnmaKnL'e 1>w will 
iKiljl^Hu pTin I h ■rd' ivu inLWJrin 

llnxdiini] uwEi ^l(^> U lul n 'l]l$'i^»llp■ll^' LV»iiriiiii» loii jtnfnll^ 

ilTnid ihi Itfhnnlnxj . inH mi»> Kiwi iIixikK' f^jl il in |4Kn in nirkr to ovniiiln Lrosdbnd i' in 
tn^piMLili Hdinfilf m'dliun MiJtrti jpnivldlnj. liX nlCtiriplc.'ttEibilll^ hMnkMiinkik: dd. t 
Ttnliimil oikI inloTulinntl t:idn) m wyll h 'mill md Tnohun hi>Tio'>vi .V rnTty rrf ir bitvy 

riiLHii wlim. Lulling ■ nnnpHiv In hcfp- Ri. iim Lniiipits, iiuE.ir^ m vliiir mcrbidkii, -m gelling 

BMikiiirn Lti hcwi’ to help' i ilfk fhlld In tk- iiiddld of lh< ni^ Ihd ptrion w? fill mi) k ^'iluilt^' 

.uivrrkin:, vi killier run] ur liAuji id hiiiii: -m in j uciilcr. xi dir ^tjln nr uvuTkcim. If 

ti'd' 111 drdur-iiuxdiu liTd i^impiiiiK m tx- ixaipttcn^ luiR'inAil dviilitHluv nl ifliirldUd 

ImirDujti ihmlil Iw j pull^ nf niliiinil prli.')' 

SiHTK nl Um pm^tnu! tiid folk:Ms iliutd) l<iri$ pmiKd m dir C.'iasi] Euit^ luch 
r«4init iRjjtCi I'lndinE nid noubtnHd nx ikincTTll<» nn vipMpmcnl niFihindt^ dn vnd dir fcdtnl 
rmniMi iiiimiry id ireiln dd'udlli\i iikJ -krid irMrllir. EDfWeW:i'. dir Lviiiliiinrr 

kilirvfi ihil Ihd mnrt mportmil nroM f nn m IIk wpilTtorj' mi# tiurdmm inmAfrSiwm. 

■ n:u. Piilir^ ehiiigcx in hiidi uf [}v3k: nji:u hive l Imidi iiiifuel im IIe H^rtivui -if privnJr 

to lnv«l in HitTj^^iiKlum and to dtivlnp mctimito iliMiil rxiiTinlt» nf 

iE;pddm]i Liknnjp^ iiii'bidr Fnlu*^ CiiiiiniiiiiLeilHin^ LiinuTBOdtii -deeiiiiim Ui- fni: Bni ly 

a^Anrd. hddidliiiul du^nfmKidrr Imiii It^ir^' rcgiknu ud in Jrwlop * l^tauiudth I'lir 

J^levmrnl Ilf RnhxJhiiHl Pirmr l-intt- [RPLj TKdw inrli i}\ pip^itivy ehinpn' ii TK* 

^niut rdufidlil. uivdsinuiilii tyv dir tiutdiril ^vrnniruL rtir flMK nrsprfTum nuiiqipeiidi ts 

■ nodin' pink'iilu'K' nilk'di ikil^ .And. );< c dir vin wjt nzEilMt*)' iKdirj'. rhiBEet In T'Klnm 

^sXJJ I'mi iifudhu^K »-**•■■! tjlijnii H Uir C^iki^l n iBliaii iaJ ^ U iijiiill ai 

idAiknAlnficniH 


Sne l.° K lyi^mnirj id I'mnnac .^yvnuv t'ahirfir tti 7Jil rumi^vTlu itHnAnrl'.^^TTWvJVii^ 
.Ivimnnw Hiipw; I IV^thniwy. [V:: lid Lyi[iurTiin nf r^irxiliu. hflt ITTil Avilhlti pi 
iiqi '™>dii ■*» i/p.i'irtimv'jpKfrJiiitPWfdTioliiijriMnl MIilTOtiBi 

!I-EJ 


PR&-Pt.m[C-ArHW A'ERSK^i^ 


HrtnvTTy MS KdHIrti 
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< twrr.t 

The [~nili^ RUL:i, iTil ii ki cmirc I^e onAnueJ l^Ji .vlerK^nJ fff livir^ uiil HOJirrilv iif jLi 
lihlUtU, lYAl^l liUJniiill IJ ■pu^lU JTi di CIe iiiVld'f pfMLoid' pUiX iOf UlOTl itit Ii'iI.'^jYeiV M 
iLruTirtrcarTi afliiili^ uicfi u TTfind'iflurn^fli|H nursling, vU fur iif 

Wf A» Ihis if, wliilc- uiipknitniiiut Uu- ollkr KiiHiirTvidHiHE nuik iMrcin. -ik ikwknuoM ilu 

[1441* i5>'Tlm. ■rpiliE* Ip 4n?i.wTejf innorjtitn. -"nd whim rti4 mwii ltw pi*l nf 

□ItSicdlbk: IxdidhiKE bitfTKi lL>^«■ Ibr All Jlu •coTMumit <:ailia lun cojnjK ciKr> p«iitHliiy. 
hiij j|qi iiji iiJk: piilin E 4 un[^^ :Aiiiild hr piniud h caiih jriiu. ^ L1lrT^EhCT1qi^'L: 

u.^iipiriilvr uu!;, kii -cf liK iult^ -^dndiiEicd by ik Cijueii:iI oif liiroiiuivM: .Uv’urdf ^kI ik 
ChflB^uimul fnpUl hnw wu i|k1< iT "IIkt n.i j InEilBni 

tit lUM ujdo did MiluJ t!dllwio<i umciei. Itu obiKi id ihii ^luiniMUdCi ilK idppuon -it 
th« Mo^fTTTTMndni w in Dif uipiild h4 Ip Ein'iri llul Ihi L^nilii Slw' rriy'-idiP' IIh 

BbiD^'iaioii-lridiidN etLVIiiinrvwix drrduJ m rL-muin a hi^hhi' latmulw plxip u Inkitii td Uir 


PKK-Pl’EItJt.VJlOS VJ:Hil()\ 


f!-Ln 


>'dhniir\'3[)ni tdiuiih 
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ykLiiuJ 

The -npid ^iiilh oTTlnluil x hi^-l Ci^iruiTn.' le lecn ^ Li-Cxneril in liir^-lem 

4?i4£jE ptiNiirs. ^ilirTVTlU iT«n>tiTW*i. niiltw-ll#>'tni<tiJl pntnpJivi pHicit*. [iv>f« qiiidiJ)]^ 
llklii fdff iMIiOAl DI Ae- l??I]L tlll^idd'l pullll^ [/□kiIl'II 'JMUVlMlilT^'. IiIShY 

H |ilAiiir\^ 1^ C^in R&D fuidin^ in c'k^J Limimje. LnlnJlrieAj^h, urJneA-Tiii^ 
kL'hniiniy ^utiifud ^'vveminrd ii^fioP! pud ulT, xn I:L^:t^lni3^-l«M2d. E:^ir1i rrmi iiF 

I'inliKl'i «co[»[TC' in IWUixi .}'?'Tcfdll('\p(n;Ki T'Klay. l inlind'i [nvav-iKl j)uMk 

bMiHi Hven ol (rUT lino RAD pdewibi ([i«ik6i] uc-Kd in itu PHklK ind tit- prt'pC'm'in 
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Today, with just 5® o of the world's population, the United Slates emplox's nearly one- 
third of the w orld's scientific and engineering researchers, accounts for 40®o of all R&D 
spending, publishes 35®o of science and engineering articles, and obtains 44®o of science and 
engineering citations/ Ilie I 'nited States comes out at or near the top of global rankings for 
competitiveness, flie International Institute for Management Development ranks the United 
States first in global competitiveness; the World Economic Forum puts us second (afier Finland) 
in overall competitiveness and first in technology and innovation.* 

I.eadership in science and technology has translated into rising standards of living. 
Technology improvements have accounted for up to one-half of CiDP growth and at least tw o- 
thirds of productivity growth since 1 946.* Business Week chief economist Michael Mandel 
argues that, w ithout innovation, the long-term growth rate of the l^S economy would have been 
closer to 2.5®o annually rather than the 3.6®o that has been the average since the end of W'orld 
War II. If our economy had grown at that low er rate over the last 50 years, he says, it w ould be 
40®o smaller today, with corresponding implications for jobs, wages. ;uid the standard of living.^ 


NEW GI.OB.M. INNO\ A riON VX'OyOMY 

The dominant position of the Ignited States depended substantially on our own strong 
commitment to science and technology iuid on the comparative weakness of much of the rest of 
the world. But the age of relatively unchallenged US leadership is ending. 'Hie importance of 
sustaining our investments is underscored by the challenges of the 21st centurN" the rise of 
emerging markets, innovation-based economic development, the global innovation enterprise, 
the new global labor market, and an aging population w itli expanding entitlements. 

F!mergiiig Markets 

(>\'er the last 2 decades, the global economy has been transformed. With the fall of the 
l^rlin Wall in 1989, the collapse of the Soviet Union in 1991. China's entrx into the World 
Trade Oganization in 2001. and India's recent engagement with international markets, almost 
3 billion people have joined the global trading system in little more than a decade. 

In the coming years, developing markets will drive most economic growih. Goldman 
Sachs projects that w ithin 40 years the economies of Brazil. Russia. India, and China (the so- 
called BRICs) together could be larger than those of the G6 nations together — the United States. 
Japan, the United Kingdom. Germany, France, and Italy (Figure 9-1). The BRICs currently are 
less than 1 5®o the size of tlie G6.* But India's econom> could be larger than Japan's by 2032. and 


Mbid.p. 1 

’ IMD- li'orldCompelitiveness FeardooA* (2005); Wwld Economic Forum Vie Global Competitiveness Report 
2004-2003 New York; Oxford University lYess 2004. 

* G Tassey R&D Trends in the US Economy Strategies and Policy Implications. NIST Planning Report 99-2, 
Gaithersburg, KfD: Nauonal Institutes of Standards and Technology Apnl, 1999 

’ M J Mandel Rational Exuberance: Silencing the Enemies of GroM /h and H 7iv the Future Is Better Than You 
Think. New York Harper Business. 2004, p 27 

’ Goldman Sachs Dreaming with the BRICs: The Path to 2030 Global Economics Paper No: 99 New Yoik, NY : 
Goldman Sachs. Oct 2003 
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China could suq)ass even' nation other than the I United States by 20 1 6 and reach parity with the 
United States by 2041. 



bUJURK 9-1 Ch'owih of emerging markeLs. 

SOURCE Goldman Sachs Dreaming wth ihe BRJCs: The Palfi lo 2050. Global Economics. Paper 99 New York. 
NY Goldman Sachs. Oct 2003 

*Ilie enormoiLs populations of the HRICs (China's population is now 4.4 times and India'.s 
is 3.6 times the size of Uie US population’) mean that even though per capita income in those 
nations will remain well below that in the developed world, llie BRICs will have a growing 
middle class of coasumers. Within a decade, nearly 80*^0 of the world's middle-income 
consumers could live in nations outside the currenth indaslrialized world. China alone could 
have 595 million middle-income consumers and 82 million upper-middle- income consumers*®, a 
combined number that is double tite total projected population of the United States in tliat period. 
China's domestic market is already the largest in the w orld for more than 100 products. With 300 
million subscribers and rising. China already is by far the biggest mobile-telephone market in the 
w orld. Only a small fraction of its population has Internet ac'cess. but China still has 100 million 
computer users, second only to the United States. China has become the second largest market 
for personal computers, and it w ill soon pass the United States.*' Many US companies 
including Google. Yahoo, eBay, and Cisco — expect China to be their largest market in the next 
20 years.'* 

For decades, the I 'nited States has been the world's largest ;uul most sophisticated market 
for an enonnous range of goods and sen'ices. l^S consiuners have stimulated productivity around 
the world with our apparently insatiable demand. Foreign multinational companies have invested 
in the United States to gain access to our markets, giving this nation the largest stock of foreign 


* US Census Bureau Data Base Total Mid-Year Population, 2004-2050. Available at; 
http '/WWW census gcn'/ipowww/idbsprd html 

‘*P A Laudicina H'orld Out of Balance: Navigating Global Risks to Seize Competitive. Advantage. New York 
McGraw Hill, 2005. p 76. 

“ C- Prestowitz Three Billion New Capitalists: The Great Shift of Health and Power to the East New' York Basic 
Books, 2005. p 74 

Dan Gillmw Noh’ Is Time to Face Facts, Make Needed Investment San Jose Mercury News March 1 4. 2004 
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direct investment in the world and employing 5.4 million .Americans.*^ New products and 
scn ices are designed, marketed, and launched here. Technical standards are set here. But as 
other markets overtake us. we could lose these ad\ antages. 

Inn<Aation-Bascd Development 

I>ri\ ing the rapid groulh in developed economies and in emerging markets is a new 
emphasis on science and technology. A report of the President’s Council of Advisors on Science 
and Technology (PC.AST) notes, "‘other countries are striving to replicate the US innovation 
ecosystem model to compete directly against our own.”*^ Through investments in R&D, 
infrastructure, and education and aided by foreign direct investment, many nations are rapidly 
retooling their economies to compete in technologically advanced products and serv ices. 

One sign of this new priority is increased R&I) spending by many governments. ITie 
Kuropean I ^nion (EU) has stated its desire to increase total R&l) spending (government and 
industrv ) from less than 2°o of GDP to 3% (the Ihiitcd States currently spends about 2.7‘^b).** 
From 1 992 to 2002, China more than doubled its R&D intensity (the ratio of total R&D spending 
to GDP), although the United States still spends significantly more than China does both in gross 
terms and as a percentage of GDP. Other nations also have increased their numbers of students, 
particularly in science and engineering. India and China are large enough that even if only 
relatively small portions of their populations become scientists and engineers, the size of their 
science and engineering worklbrce could still significantly exceed that of the United States. India 
already has nearly as many yomig professional engineers (university graduates with up to 7 years 
of experience) as the United States does, and China has more than twice as many.’^ 

Multinational corporations are central to innovation-based development strategies, and 
nations around the world have introduced tax benefits, subsidies, science-based industrial parks, 
and worker-training programs to lure the owners of high-technology manufacturing and R&D 
facilities. China uses those tools and its enormous potential market to encourage technology 
transfer to Chinese partner companies.^^ Most of the world's leading computer and 
telecommimications companies have R&D investments in China, and they are competing with 
local high-technologv' enterprises for market share. High-tech goods w ent from about 5® o of 
China's exports in 1990 to 20®o in 2000. Foreign enterprises accounted for 80®o of China's 
exports in capital- and technology-intensive sectors in 1995, but they were only responsible for 
50^0 by 2000. The Ignited States now has a S30 billion advanced-technology trade deficit with 
China. 

Tliere was once a belief that developing nations would specialize in low-cost commodity 
products and developed economies would focus on higli technology, allowing the latter to 


Organization for International Invcslmcnl The Facts About Insourcing. Available at: 
htlp://www-ofii.org/ insourcing' 

*'* PCAST. Sustaining Nation ‘s Innovation Ecosystems. Information Technology Manufactuhr^ and 

Competitiveness. Washington,DC: White House Office ofScience and Tcchnolc^y Policy, Dec. 2004, p. 15. 

** OECD. Science, Technology and Industry Outlook December 2004. Paris, France; OECD Publications, 2004, p. 
25. Available at; http •■'/www’.oecd org'’document/’63.'0.2340.en_2649_33703_33995839_l_l_l_1.00.hlml 
McKinsey and Company. The Emerging Global Labor Nfaiket; Part II — The Supply of Offshore Talent in 
Services. New Yoric, NY: McKinsey and Company, Jun. 2005. 

‘^E. H, Preeg The Emerging Chinese Advanced Technology' Superstate. Arlir^ton.VA: Manufacturers Alliance/ 
MAPI and Hudson Institute. 2005, K. Walsh. Foreign High-Tech RAD in China: Risks, Regards, and Implications 
for US-China Relations. Washington, DC: Henry L. Stimson Center, 2003, 
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maintain a higher standard of living. Developing nations — South Korea. Taiwan. Indiii. and 
China — have ad% anced so quickly that they can now produce many of the most ad\ anced 
technologies at costs much lower than in wealthier nations. Most analysts believe that the L'nited 
States, Kurope, and Japan still maintain a lead in innovation — developing the new products and 
ser\’ices that will appeal to consumers. Hut even here the lead is narrowing and temporary'. .And 
while the I iiited States does currently maintain an advantage in terms of the availability of 
venture capital to underurite innovation, venture capitalists are increasingly pursuing what may 
appear to be more promising opportunities around the w orld. 

The (flobal Innovation Enterprise 

•Among the most powerful drivers of globalization has been the spread of multinational 
corporations. By the end of the 20tli century, nearly 63,000 multinationals were operating 
worldw ide.** Over the last few decades, corporations have used new' information technologies 
and management practices to outsource production and business processes. Shifting from a 
vertically integrated structure to a network of partners allow s companies to locate business 
activities in the most cost-efllcient manner. The simultaneous opening of emerging markets and 
the rapid increase in workforce skill levels in those nations helped stimulate the otYshore 
placement of key functions. First in manufacturing, then in technical support and back-ofTice 
operations, next in softwiire design, increasingly sophisticated work is being performed in 
developing economies. Innovation itself is being both outsourced <uid sent offshore.*^ This is all 
part of the process that ITiomas Friedman calls *ihe flattening of the world".^ 

Ix)cations that combine strong R&D centers with manufacturing capabilities have a clear 
competitive advantage. Hence, in addition to the availability of scientists and engineers whose 
salaries are a fraction of the salaries of their US counterparts. India and China ofler synergies 
betw een manufacturing and R&D. Top-level R&D and design are still conducted mostly in the 
l 'nited States, but global companies are becoming increasingly comfortable with offshore R&D. 
and other nations are rapidly increasing their capabilities.^* 

In 1997, China had fewer than 50 research centers that were managed by multinational 
corporations; by mid-2004. there w ere more than 600.^^ Much of the R&D ciurenth performed 
in developing markets is designed to tailor products to local needs, but as local markets grow, the 
most advanced R&D could begin to migrate there. Iliat said, it should be noted that the United 
States also benefits from offshore R&D — the amount of foreign-funded R&D conducted here has 
quadrupled since the mid-1980s. In fact, more corporate R&D investment now comes into the 
United States than is sent out of the country."^ 


** UNCTAD. IVorU InvesOnenl Rcporl 2004: The Shift Towards Scr\ ices- New Yoiic and Geneva: United Nations, 
2004. 

’’ Council on Competitiveness. Going Global: The NeM- Shape of American Innovation. Washington, E)C: Council 
on Competitiveness, 1998. 

^T. L Friedman The World Is Flat: A Brief History of the 2Ist Century. New York; Farrar, Straus. Giroux, 2005 
PCAST. Sustaining d\e Nation ’s Innovation Ecosystems, Information Tedtnolog}' Manufacturing and 
Competitiveness. Washingtoa DC: White House Office of Science and Tcchnolog>' Policy. Dec. 2004, p. II. 

^ R. B. Freeman. Docs Globalization of the Scientific/ Engineering Workforce Threaten US Economic Leadership? 
Working Paper 1 1457. Cambndge, MA: National Bureau of Economic Research, Jun. 2005, p. 9. 

^ K. Walsh. Foreign High-Tech R&D in China: Risks, Rewards, and Implications for US-China Relations 
Washingt(Mi. EX2: Henry L. Stimson Center. 2003. 
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The Kmet^iiig (>lobal I.abor Market 


The three trends discussed already — the opening of emerging markets, innovation-based 
development and the global innovation enterprise — have created a new global labor market 
with far-reaching implications. 

In the last few years, the phenomenon of sending service work overseas has garnered a 
great deal of attention in developed nations. Tlie movement of US manufacturing jobs offshore 
through llie 1980s and 1990s had major consequences for domestic employment in those sectors, 
although many argue that productivity increases were responsible for most of the reported job 
losses.'^ lentil recenlK , it seemed that jobs in the serN'ice sector were safe because most sen ices 
are deli\ ered face-to-face and only a small fraction is traded globally. But new technologies and 
business processes are opening an increasing number of services to global competition, from 
technical support to the reading of x-ray to stock research to the preparation of income taxes and 
even to the ordering of hamburgers at drive-tltrough windows. Tliere is a l^S companv that uses a 
receptionist in Pakistan to welcome visitors to its otTice in Washington via flat-screen 
television. llie transformation of collaboration brouglil about by information and 
communications teclinologics means that the global workforce is now more easily tapped by 
global businesses. It is important to note, however, that a recent McKinscy Company report 
estimates that only 13^o of the potential talent supply in low-wage nations is suited for work in 
multinational companies because the workers lack the necessary education or language skills. 

But that is 1 3® o of a ver>' large number. 

Forrester Research estimates that 3.4 million US jobs could be lost to otTshoring by 
2015.^’ Ashok Biirdhan and Cynthia Kroll calculate that more than 14 million US jobs are at risk 
of bein^ sent ofrshore.‘*'nie Information Technology Association of .America (ITAA), Global 
Insight.*’ and McKinsey & Company'^ all argue that those losses will be offset by net gains in 
l^S employment presuming that the United States takes the steps needed to maintain a vibrant 
economy. Many experts point out that the number of jobs lost to offshoring is small compared 
with the regular monthly churning of jobs in Ute US economy. McKinsey, for example, estimates 
that about 225.000 jobs are likely to be sent overseas each year, a small fraction of tlie total 
annual job chum. In 2004, the private sector created more than 30 million jobs and lost about 29 


^ American Electronics Associati<Mi Off^ore Outsourcing in an Increasingly Competitive and Rapidfy Changing 
IVorld.’A High-Tech Perspective. Washington, DC March 2004 

^ S. Milra Kalita Virtual secretary puts new face on Pakistan Washington Post May 10. 2005. p. AOl . 

** McKinscy and Company The Emerging Global iMbor Market: Part II-The Supply of Offshore Talent in Services. 
New York. NY : McKinsev- and Company. Jun. 2005, p 23. 

Forrester Research Near-Term Growlh of Offshoring Accelerating, Cambndge. MA Froster Research. May 14. 
2004. 

^ A. Bardhan and C. Kroll The New tf'env of Outsourcing Fisher Center Research Reports #1 103. Bcrkelc)’, Calif.; 
Unh’crsity of California, Berkeley, Fisher Center for Real Estate and Urban Economics, Nov. 2, 2003. 

^ ITAA The Impact of Offshore IT Software and Services Outsourcing on the US Economy and the IT Industr>’ 
Lexington, Mass. : March 2004 

^ McKinscy and Cwnpany Offshormg: Is It a IVin-lVin Gam*?’ New Y cck, NY : McKmsc)’ and Company, Aug 
2003. 
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million; the net gain was 1.4 million jobs. Once again, this suggests that the US economy will 
continue to create new jobs at a constant rate, an assumption that in turn depends on our 
continued development of new technologies and training of workers for the jobs of the 2 1st 
century'. Economists and others actively debate whether outsourcing or more generally, free trade 
with low-wage countries with rapidly improving innovation capacities will help or hurt the US 
economy in the long term.^' ITie optimists and the pessimists, however, agree on two 
fundamental points: in the short term, some US workers w ill lose their jobs and face diillcult 
transitions to new . higher skilled careers; and in the long term. .America's only hope for 
continuing to create new high-w age jobs is to maintain our lead in iimovation. 


Aging and Ejititleinents 


The enormous and grow ing supply of labor in the developing w orld is but one side of a 
global demographic transfomiation. Ibe other side is the aging populations of developed nations, 
llie working-age population is already shrinking in Italy and Japan, and it w ill begin to decline 
in the United Stales, the United Kingdom, and Canada by the 2020s. More than 70 million US 
baby boomers w ill retire by 2020, but only 40 million new workers w ill enter the w orkforce. 
Europe is expected to face the greatest period of depopulation since Uie Black Death, shrinking 
to 7®o of world population by 2050 (from nearly 25®o just after World War II).^ East Asia 
(including China) is experiencing the most rapid aging in the world. .At the same time, India's 
working-age population is projected to grow by .335 million people by 2030 — almost equivalent 
to the entire workforce of Europe and the United States toda> ITiose extreme global 
imbalances suggest that immigration will continue to increase. 

Population dNnamics have major economic implications. Tlie Organization for Economic 
Cooperation and Development (OECD) projects that the scarcity of working-age citizens w ill 
hamper economic growth rales betw een 2025 and 2050 for Europe. Japan, and the United 
Slates. The Center for Strategic and International Studies (CSIS) estimates that the average cost 
of public pensions in the developed w orld will grow by 7®o of GDP belw een now and the middle 
of the century; public health spending on the elderly w ill grow by about 6®o of GDP.^’ Iliere are 


US Bureau of Labor Statistics NEiVS: Business Employment Dynamics: First Quarter 200S. "November 18 
2005- Available at: http.//www. bls.gov/rofod3640.pdf. 

While C. Mann.. Globalizatjon of IT Services and Hhi/e Collar Jobs. W'ashingtai. DC; Institute for International 
Economics. 2003 and J. Bhagw’ati, A. Panagariya, and T. N. Srinivasan. The muddles over outsourcing. Journal of 
Economic Perspectives 18(summer 2004): 93-114 offer examples of the optimist view. R Gomory and W^ Baumol 
GlcJ>al Trade and Conflictirtg National Interests. Cambridge, MA MIT l4ess 2001. andP, A. Samuelson. Where 
Ricardo and Mill rebut and confirm arguments of mainstream economists supporting globalization. Journal of 
Economic Perspectives 18(summer 2004): 135-1 46 offer a more pessimistic perspective. 

P. A. Laudicina Horld Out of Balance: Navigating Global Risks to Seize Competitive Ath'ontage. New York 
McGraw HUl, 2005. p. 49. 

^ United Nations. Department of Economic and Social Affairs. Population Division. The World at Six Billion. 
October 12, 1999. Available at: hltp:/ www.un.org/esa/populalion'publications.'sixbi!lion.''sixbillion.htm 
P. A. Laudicina IVorld Out of Balance: Navigating Gl^al Risks to Seize Competitive Advantage. New York: 
McGraw Hill. 2005. p. 62. 

^ Central Intelligence Agenc)’. Long-Term Global Demographic Trends: Reshaping the Geopolitical Landscape. 
Lansing. VA: CIA, Jul. 2001. p. 25. 

P. G. Peterson. The shape of things to come: Global aging in the 21st century' Journal of International Affairs 
56(lXFall 2002). New Y<^, NY: Columbia UniversiW Press 
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now 3 pension-eligible elders in ihe developed world for everv’ 10 working-age adults. Thirt>- 
fivc years from now , the ratio w ill be 7 to 10. Here in the Ignited States, the ratio of adults aged 
60 and over to w orking-age adults aged 1 5-59 is expected to increase from . 26 to .47 over the 
same period.^* 

Tliose trends have profound implications for US leadership in science and technology: 

• ’file I 'S science and engineering w orkforce is aging while the supply of new scientists 
and engineers who are US citizens is decreasing. Immigration will continue to be critical 
to filling our science and engineering needs. 

• Tlte rapidly increasing costs of caring for the aging population w ill further strain federal 
and state budgets and add to the expen.se columns of indastries with large pension and 
health care obligations. It will thus become more diiricult to allocate resources to R&Dor 
education. 

• Aging populations and rising health care costs will drive demand for innovative and cost- 
effective medical treatments. 

Taken together, those trends indicate a significant shifl in the global competitive 
environment. The importance of leadership in science iuid technology will intensify. .As 
companies come to see innovation as the key to revenue growth and profitability, as nations 
come to see innovation as the key to economic growth and a rising standard of living, and as the 
planet faces new challenges that can be solved only throu^ science and technology, the ability 
to innovate w ill be perhaps the most important factor in the success or failure of any organization 
or nation. 

A recent report from the Council on Competitiveness argues that “innovation will 
be the single most important factor in determining .America's success tlirough the 21st 
centuiy.”^^ ITie I gnited States cannot control such global forces as demographics, the 
strategies of multinational corporations, and the policies of other nations, but w e can 
delemiine how we w iint to engage w ith this new world, w ith all of its challenges and 
opportunities. 


“ Richard Jackson and Neil Howe. The 2003 Aging l ulnerability Index. Washington. E>C : CSIS and Watson Wyatt 
Worldwide, 2003, p 43 

^ Council on Competitiveness Innovate America: Thriving in a World of Challenge andChange. Washington, DC; 
Council on Competitiveness December. 2004. 
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SC ENARIOS FOR AMERIC A’S El Tl RE IN SC IENC E AND TEC IINOEOCJV 

To highlight the choices we face, and their implications, it is useful to examine three 
scenarios that address the changing status of .-America's leadership in science and engineering. 
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Scenario 1: Baseline 
America^ Narrowing Lead 


Whal is likely to happen if we do not change our current approach to science and 
technolog\? 'ITie US lead is so large that it is unlikely iliat any other nation would broadly 
overtake us in the next decade or so. Tlie National Intelligence Council iirgues dial the United 
States w ill remain the world's most powerful actor economically, technologically, and 
militarily— at least tlirou^i 2020.'*'^ But that does not mean the United States w ill not be 
challenged. Center for Strategic and International Studies concludes, “although l^S economic 
and technology leadership is reasonably assured out to 2020. disturbing trends now evident 
threaten the foundation of US technological strenglli.*’^* 

Over the last year or so. a virtual Hood of books and articles has appeared expressing 
concern about the future of US competitiveness.'** The\ identify trends and provide data to show 
that the relative position of the United States is declining in science and technology, in 
education, and in high-technology industry."*^ All of this leads to a few' simple e.Mrapolations for 
our global role over the ne\1 30 years, assuming that w e change nothing in our approach to 
science and education. 

The I'S share of global K&l) spending w ill continue to decline. 

• US R&D spending will continue to lead the world in gross terms, but R&D intensity 
(spending as a percentage of (JDP) will continue to fall behind that of other nations. 

• US R&D will rely increasingly on corporate R&D spending. 

• Industry spending now accounts for tw o-thirds of all US R&D. 

• Total goN’eniment spending on all ph\'sical science research is less than the $5 billion 
that a single company — IBM spends annually on R&D, although an increasing 
amount of IBM's research, like that of most large corporations, is now performed 
abroad. 

• Most corporate R&D is focased on short-term product development rather than on 
long-tenn fundamental research. 

• I'S multinational corporations w ill conduct an increasing amoiuit of their R&D overseas, 
potentially reducing their R&D spending in the United States, because other nations offer 


National Intelligence Council Mapping the Globa! Future Report of the National Intelligence Council's 2020 
Project Pittsburgh Government Printing Office. Dec. 2004. 

Center for Strategic and International Studies Technology' Futures and Global Power. Wealdi and Conflict 
Washington. DC; Center for Strategic and International Studies. May 2005. p viii 
Some of the most prominent publications include A Segal Is Amenca losing its edge*^ Innovation m a globalized 
world Forergn.-IJ?i»/rs(Nov,/Dw- 2004);2-8.Geofire>’ Colvin Amenca isn't ready Fomme. July 25. 2005, K H 
Hughes. Building the Next VS Century: The Past and Future of US Economic Competitiveness. Washu^ton. DC. 
Woodrow Wilson Center Press. 2005, R D Atkinson. The Past and Future of America's Economy: Long Waves of 
Innovation That Power Cycles of Growdt Northamptem, MA E Elgar. 2004. andR Florida. The Flight of the 
Creative Class: The New Global Competition for Talent New York Harper Business. 2005 
The Task Force on the Future of US Innovatiwi The Knowledge Economy: Is the United States Losing Its 
Competitive Ei^e. Benchmarks fijr Our Innovation Future. Washmgton. DC: The Task Force cm the Future of US 
Innovation Februar>' 2005 
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lower costs, more government incentives, less bureaucracy, high-quality educational 
systems, and in some cases superior infrastnicture. 

The l^S share of world scientific output will continue to decline. 

• 'ITie share of US patents granted to US inventors is already declining, althougli the 
absolute number of patents to US inventors continues to increase. 

• US researchers' scientific publishing will decline as authors from other nations increase 
their output. 

• The number of scientific papers published by US researchers reached a plateau in 
1992.““ 

• Europe surpassed the I'nited States in the mid-1990s as the world's largest producer 
of scientific literature. 

• If current trends continue, publications from the Asia Pacific region could outstrip 
those from the United States within the next 6 or 7 years."*' 

The US share of scientists and engineers will continue to decline. 

• Other nations will have larger numbers of students receiving undergradiuite degrees in 
science and engineering. In 2000. more than 25 countries had a higlier percentage of 24- 
year-olds with degrees in science and engineering than did the United States."*^ 

• The number of graduate degrees aw arded in science and engineering will decline. 

• The number of new doctorates in science and engineering peaked in the United States 
in 1998. 

• By 2010, China will pnxluce more science and engineering diKtorates than the 
United States does.*^ 

• *llie US share of world science and engineering doctorates granted w ill fall to about 
15*^0 by 2010. down from more than 50“o in 1970**(Figure 9-2). 

• International students and workers will make up an increasing share of those holding l^S 
science and engineering degrees and will fill more of our workforce. 

• In 2003, foreign students earned 38®o of all I’S doctorates in science and engineering, 
and they earned 59®o of US engineering doctorates.^^ 

• In 2000, foreign-bom workers occupied 38®o of all l.^S doctoral-level science and 
engineering jobs, up from 24®ojust 10 years earlier.^^ 


National Science Board 2004. Science and Engineering Indicators 2004 (NSB 04-01) Arlington. Virginia 
National Science Foundation. Table 5-30. 

A- von BubnofT- Asia squeezes Eurc^'s lead in science. Nature 436(7049XJul- 21, 2005);314-314. 

^ National Science Foundation Science and Engineering Indicators 2004. NSB 04-1 . Arlingtoa VA: NSF, 2004, 
Appcndi.K Tabic 2-33 

* R- B. Freeman Does Globalization of the Scicnlific' Engineering Workforce Threaten US Economic Leadership? 
Working Paper 1 1457. Cambndge, MA; National Bureau of Economic Research, Jun. 2005, p.4 
"*lbid..p. 5. 

^ National Science Foundation. Survey of Earned Doctorates. 2003 Arlington, VA: NSF. 2005, 

R, B, Freeman Does Globalization of the Scientific.'' Engineering Workforce Threaten US Economic Leadership? 
Working Paper 1 1457-Cambndge, MA: National Bureau of Econcmiic Research, Jun. 2005. p. 36. 
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FIGl’RE 9-2 Intcnialional production of science and engineering doctorates compared with US 
production. 

SOURCE; R B Freeman Docs Globalization of the Scientific' Engineering Workforce Threaten US Economic 
Leadership? Working Paper 1 1 457.Cambndgc. MA National Bureau of Economic Research, Jun 2005. 

Our ability to attract the best international researchers will continue to decline. 

• iToni 2002 to 2003, 1,300 international students enrolled in US science and engineering 
graduate programs. In each of the 3 years before that, the number had risen by more than 
10 , 000 .” 

• .Vl^cr a decline of 6®o from 2001 to 2002. first-time, full-time enrollment of students 
with temporaiy visas fell 8®o in 2003.^^ 

• Snapshot suiAcys indicate international graduate student enrollments decreased again in 
2004 by 6®o^^ but increased by l®o in 2005. 

• In the early 1990s. there were more science and engineering students from China. South 
Korea, and Taiwan stud\ ing at US universities than there were graduates in those 
disciplines at home. By the mid-1990s, the number attending US uni\‘ersities began to 
decline and the number studying in .Asia increased signific<mtiy.^ 

PC.AST obser\es that. ‘Avhile not in imminent jeopardy, a continuation of current trends 
could result in a breakdown in the web of ‘innovation ecosystems’ that drive the successful l^S 
innovation system. Economist Richard Freeman says those trends foreshadow a US transition 
“from being a superpower in science and engineering to being one of many centers of 


National Science FoundaUon. Graduate Enrollment in Science and Engmecnng Programs Up in 2003, but 
Declines for First-Time Fweign Students NSF-05-317 .Arlington, VA: NSF, 2005. 

” Ibid 

H. Brown Council of Graduate Schools Finds Declines inNew International Graduate Student Enrollment for 
Third Consecutive Year. Washington. DC; Council of Graduate Schools. Nov 4. 2004. Heath Brown. 2005 
Fmdmgs from 2005 CGS International Graduate Admissions Sur\'ey III Admissions and EnrollmenL Washington 
E)C; Council of Graduate Schools. Available at ht^.//w'ww.cgsnet.org.’pdf/CGS2005Int].AdmitIII_Rep.pdf 
^ The Task Force on the Future of US Innovation The Knowledge Economy: Is the United States Losing Its 
Competitive Edge. Benchmarks for Our Innovation Future. Washmgton, DC; The Task Force on the Future of US 
Innovation. Feb, 2005. 

** PCAST. Sttsfaming the Wation 's Inn(n'ation Ecosystems. Information Technology Manufaetttring a}td 
Competitis'eness. Washington. DC; WTiite House Office of Science and Technology Policy'. Dec. 2004. p 13 
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cxccllcncc/*^^ He adds that ‘The countr\ faces a long transition to a less dominant position in 
science and engineering associated industries. 

Ilie I'nited States still leads the world in many areas of science and technology, and it 
continues to increase spending and output. IBut our share of world output is declining, largely 
because other nations are increasing production faster than we are. although they are starting 
from a much lower base. Moreover, the L’nited Slates w ill continue to lead the world in other 
areas critical to innovation — capital markets, entrepreneurship, and workforce fle.xibility — 
although here as well our relative lead will slirink as other nations improve their ow n systems. 

The biggest concern is that our competitive advantage, our success in global markets, our 
economic growth, and our .stand;ird of living all depend on maintaining a leading position in 
science, technologv , and innovation. .As that lead shrinks, we risk losing the advantages on w Inch 
our economy depends. If these trends continue, there are several likely consequences: 

• Tlie I’nited States w ill cease to be the largest market for many high-tecIinolog>' goods, 
and the US share of high-technologv' e.xports will continue to decline. 

• Foreign direct investment will decrease. 

• Multinational corporatioas (I’S-based and foreign) will increa.se their investment and 
hiring more rapidh overseas lh«ui they w ill here. 

• Tlie industries and jobs that depend on high-technology e.xports and foreign investment 
w ill sulTer. 

• file trade deficit w ill continue to increase, adding to the possibility of inflation and 
higher interest rates. 

• Salaries for scientists, engineers, and technical workers will fall because of competition 
from lower-wage foreign workforces, and broader salary pressures could be exhibited 
across other occupations. 

• Job creation will slow. 

• GDP growlh will slow. 

• Growlh in per capita income will slow despite our relatively high standard of living. 

• Poverty rates and income inequality, already more pronounced here than in other 
industrial ized nations, could increa.se. 

foday's leadership position is built on decisions that led to investments made over the 
past 50 years. ITie slow erosion of those investments might not have immediate consequences for 
economic growth ajid job creation, but the long-term efTect is predictable and would be severe. 
Once lost, the lead could take years to recover, if indeed it could be recovered. Like a 
supertanker, the US economy does not turn on a dime, and if it goes off course it could be veiy 
dilTicult to head back in the right direction. 

Given that they already have a commanding lead in many key sectors, it is likely that L'S 
multinational corporations will continue to succeed in the global marketplace. To do so, they will 
shit) jobs, R&D funds, and resources to other places. Increasingly, it is no longer tnie that w hat 
is good for GM (or GE or IBM or Microsoft) is good for the United States. What it means to be a 
US company is likely to change as all multinationals continue to globalize their operations and 
ow nership. .As China and other developing nations become larger markets for many products and 


^ R- B- Freeman Does Globalization of the Scientific' Engineering Workforce Threaten US Economic Leadership? 
Working Paper 1 1457. Cambridge, MA; National Bureau of Ecotkotic Research, Jun 2005, p. 2. 

Ibid . p. 3 
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services, and as they maintain their cost advantages. I'S companies will increasingly invest there, 
hire there, design there, and produce there. 

'Iliis nation's science and technology policy must account for the new reality and 
embrace strategies for success in a world where talent and capital can easily choose to go 
elsewhere. 

Scenario 1 is the most likely case if current trends in government policies continue both 
here and in other nations and if corporate strategies remain as they are today. Two other 
scenarios represent departures from recent history . As such, they are more speculative and less 
detailed. 


Sceiianu2: Pessimistic Case 
America Falls Dt'cisively Behind 

In Scenario 1. the Ignited States continues to invest enough to maintain current trends in 
science and technology education and performance, leading to a slow decline in competitiveness. 
Scenario 2 considers what might happen if the commitment to science ;uid technology w ere to 
lessen. Although that would run counter to our national history', several factors might lead to 
such an outcome: 

• Rising spending on social security. Medicare, and Medicaid (now 42®o of federal outlays 
compared with 25°o in 1975) limit federal and state resources available for science and 
technology. In 2005. Social Security. Medicare, and Medicaid accounted for 8.4®o of 
GDP. If growth continues at the current rate. tJie federal government's total spending for 
Medicare and Medicaid alone would reach 22% of GDP by 2050. 

• The war on terrorism refocuses government resources on short-term sun ival rather tlian 
long-term R&D. 

• Increasingly attractive opportunities overseas draw industrial R&D funding and talented 
I’S scientists and engineers away from Uie I ’nited States. 

• Higher I’S eflective corporate tax rates discourage companies from investing in new 
facilities and research in the I'nited States. 

• Excessive regulation of research institutions reduces the amount of money available for 
actual research. 

'Iliose possibilities would exacerbate and accelerate the trends noted in Scenario 1: 


• llie availability of scientists and engineers could drop precipitously if foreign students 
and workers stop coming in large numbers, either because immigration restrictions make 
it more dilTicult or because better opportunities elsewhere reduce the incentives to work 
in the United States. 

• US venture capitalists begin to place their funds abroad, searching for hi^er returns. 

• Short-term cuts in funding for specific fields could lead to a rapid decline in the munber 
of students in those disciplines, which could take decades to reverse. 


” W B BonviUian Meeting the new challenge to US economic compeliliveness Issues tn Saence cmd Technology 
2l(lXFall 2004) 75-82 
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• If they were faced w ith a lack of qualified w orkers, multinational corporations miglit 
accelerate their overseas hiring, building the capabilities of other nations w hile the US 
innovation system atrophies. 

• Multinationals from China. India, and other developing nations, building on success in 
their domestic markets and on supplies of talented. low >cosi scientists and engineers, 
could begin to dominate global markets, while I'S-based multinationals that still have a 
large percentage of tlieir employees in the United States begin to fail. atTecting jobs and 
the broader economy. 

• Financing the I’S trade deficit, now more than S600 billion or about 6°o of GDP, 
requires more than $2 billion a day of foreign investment. Many economists argue that 
such an imbalance is unsustainable in the long temi.'^ A loss of competitiveness in key 
export industries could lead to a loss of conlldence in the L^S ability to cover the debt, 
bringing on a crisis. 

• .\s innovation iuid investment move overseas, domestic job creation and wage growth 
could stall, lowering the overall standard of living in the United States. 

The rapid pace of technological change and the increasing mobility of capital knowledge 
and talent mean that our current lead in science and technology could cN aporate more quickly 
than is generally recognized if we fail to support it. llie consequences would be enormous, and 
once lost our lead would be dilTicult to regain. 

Scenario 3: Optimistic ('ase 
.\nicrica Leads in Key .Vreas 

Ilie relative competitive lead enjoyed by the United States will almost certainly shrink as 
Ollier nations rapidly improve their seienee and technology capacity. Tlial means greater 
challenges for the I nited States, but it also presents an opportunity to raise living standards and 
improve quality of life around the world and to create a safer world. I1ic United Stales might 
have a smaller share of the w orld's economy, but the economy itself w ill be larger. For that 
reason, the success of other nations need not imply tiie failure of the I nited Slates. But it does 
require that the United States maintain and e.xtend its capacity to generate value as part of a 
global innovation system. 

If w e increase our commitment to leadership in science and leclmology, tliere are several 
likely results: 

• .Mlhougli the I'S share of total scientific output continues to decline, the I’nited States 
maintains leadership across key areas. 

• I’S researchers become leaders of global research networks. 

• 'Ihe US education system sets the standard for quality and innovation, giving graduates a 
competitive edge over the larger number of lower wage scientists and engineers trained in 
the developing world. 

• CXir universities and national laboratories act as centers for regional innovation, attracting 
and anchoring investment from around the world. 


’’C- Prestowilz Three Bilbon New Capitalists: The Great Shift of Wealth and Toner to the East New York Basic 
Books. 2005, p xii 
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• Our economy generates sulTicient grovMh to reduce our trade imbalances, reduce the 
federal budget dellcit. and support an aging population. 

• Investors continue to find it attractive to place their funds in US firms seeking to innovate 
and generate jobs in America. 

• US leadership in science and technology supports our military' leadership and addresses 
the major challenges of homeland security. 

ITie rapid worldwide development that has resulted from advances in science and 
technology has raised global standards of living, but it also spawned a range of challenges that, 
paradoxically, will have to be solved through appropriate investments in research: 

• To maintain its current rate of growth, by 2020 China will need to boost energy 
consumption by 1 50° o. and India will need to do so by 100° It will be essential to 
develop clean, aflbrdable and reliable energy. 

• The Increased movement of people around the world w ill lead to more outbreaks of 
communicable diseases. Meanwhile, aging populations w ill require new treatments for 
chronic diseases. 

• .As the means to develop w eapons of mass destniction become more w idely available, 
security measures must advance. 

• In an increasingly interconnected economy, even small disniptions to communications, 
trade, or financial flows can have major global coasequences. Methods to manage 
complex systems and respond quickly to emergencies will be essential. 

The strains of managing global growth w ill require global collaboration. .Around the 
w orld, the grow ing scale and sophistication of science and technoiog\' mean that w e are much 
more likely to be able to solve those juid other problems dial will confront us. .Advances in 
information technology, biotechnology, and nanotechnology will improve life for billions of 
people. The leadership of the United States in science and technology will make a critical 
contribution to those elTorls and w ill benefit the li\ es of .Americans here at home. Kach challenge 
otTers an opportunity for the United States to position itself as the leader in the markets that w ill 
be created for solutions to global challenges in such fields as energy, health care, and security. 

It is important to recognize that all nations in the global economy are now inextricably 
linked. Just as global health, environmental, and security issues alTect evervone, so are we all 
dependent on the continued growth of other economies. It is clearly in .America's interest for 
China. India, the EU. Japan, and other nations to succeed. Ilieir failure would pose a far greater 
threat to US prosperity and security than would their success. In the global economy, no nation 
can prosper in isolation. I lowever, it is the thesis of this report that it is important that such 
global prosperity be shared by the citizens of the I’nited States. 


^ National Intelligence Council Mapping the Global Future Report of the National Intelligence Council's 2020 
Project Pittsburgh Government Prinlu^ Office. Dec 2004, p, 62. 
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C'ONC 1,1 SION 

It is easy to be complacent about L^S competitiveness and pre-eminence in science and 
technology. We have led the world for decades, and we continue to do so in many fields. But the 
world is changing rapidh , and our advantages are no longer unique. Without a renew ed elTort to 
bolster the foundations of our competitiveness, it is possible that we could lo.se our privileged 
position over the coming decades. For the first time in generations, our children could face 
poorer prospects for jobs, health care, security, and overall standard of living than have their 
parents and grandparents. We owe our current prosperity, security, and good health to the 
investments of pa.st generations. We are obliged to renew those commitments to ensure that the 
US people w ill continue to benefit from the remarkable opportunities being opened by the rapid 
development of the global economy. 
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Appendix A 


COMMITTEE AND PROFESSIONAL STAFF BIOGRAPHIC 
INFORMATION 


NORNLVN Al'CrsTINE (NAE) (Chair) retired in 1997 as chair and chief executive 
officer of Lockheed Martin Corporation. Previously, he ser\ ed as chair and chief 
executive olTicer of the Martin Marietta Corporation. On retiring, he joined the faculty of 
die Depiirlment of Mechanical and .-Aerospace Engineering at Princeton University. 
Earlier in his career, he had ser\ed as under secretarv' of the .Vrmy and as assistant 
director of defense research and engineering. Mr. . Vugustine has been chair of the 
National .Academy of Engineering and ser\ ed 9 years as chainnan of the .American Red 
Cross. He has also been president of the .American Institute of Aeronautics and 
.Astronautics and seized as chairman of the Jackson Foundation for Militarv’ Medicine. 

I le has been a trustee of the Massachusetts Institute of Technology and Princeton. I le is a 
trustee emeritus of Johns Hopkins I niversity and sen es on the Ih’esident's Council of 
.Advisors on Science and Technology and on the Department of Homeland Security's 
.Advisory Council. He is a former chairman of the Defense Science Board. He is on the 
boards of Black and Decker. Lockheed Martiit Procter and (iamble, and Phillips 
Petroleum, and he has sen ed as chainnan of the Business Roundtable Taskforce on 
Education. He has received the National .Medal of Technologv- and the Department of 
Defense's hipest civilian award, the Distinguished Service Medal, five times. Mr. 
.Augustine holds a BSE and an MSE in aeronautical engineering, botli from Princeton 
University, and has received 19 honorary degrees. He is the author or coauthor of four 
books. 

CR.\IG R. BARRETT [N.AE) is chief executive officer of Intel Corporation. He 
received a BSc in 1961. an MS in 1963. and a PhD in 1964. all in materials science from 
Stanford University. .After graduation, he joined tlte facults of Stanford University in the 
Department of Materials Science and Engineering and remained througli 1974. rising to 
the rank of associate professor. Dr. Barrett was a Fulbright Fellow at Danish Technical 
l^niversity in Denmark in 1972 and a Nortli .Atlantic Trade Organization Postdoctoral 
Fellow at the National Physical I.aborator>' in England from 1964 to 1965. He was 
elected to the National Academy of Engineering in 1994 and became N.AE chair in July 
2004. Dr. Barrett joined Intel in 1974 as a technology-development manager. He was 
named a vice president in 1984, and w as promoted to senior vice president in 1987 and 
e.xecutive vice president in 1990. Dr. Barrett w as elected to Intel's Board of Directors in 
1992 and w as named the company's chief operating officer in 1993. He became Intel’s 
fourth president in May 1997 and chief executive officer in 1998. Dr. Barrett is a 
member of the boards of directors of Qwest Communications International Inc., the 
National Forest Foundation, .Achieve, Inc., the Silicon Valley Manufacturing Group, and 
the Semiconductor Industr> .-Vssociation. In addition to ser\’ing as cochairman of the 
National .Alliance of Basiness Coalition for FAcellence in Education, Dr. Barrett ser\ed 
on the National Commission on Mathematics and Science Teaching for tlie 2 1 si Ccnlur\- 


PRE-PUBLIC.A’nON \ ERSION 


.A-1 


Februars 2006 Edition 




296 


(also known as the Glenn Commission). Dr. Barrett is the author of over 40 technical 
papers dealing with the inlluence of microslnicture on the properties of materials and of a 
te.vtbook on materials science. Principles ofEngineennghfaterials. He was the recipient 
of the .American Institute Mining Metallurgical, and Petroleum Kngineers Hardy Gold 
Medal in 1969. 

(i.Vlk CASSKI/H (lOM) is vice president of scientific affairs and Distinguished Hilly 
Research Scholar for Infectious Diseases of Eli Hilly and Company. She was previously 
the Charles H. McCauley Professor and chainiian of the Department of Microbiology at 
the I'niversity of Alabama Schools of Medicine and IX'ntistr.' at Birmingham, a 
department that ranked first in research funding from the National ln.stilutes of Health 
under her leadership. She is a current member of the Director’s Advisorv’ Committee of 
the National Centers for Disease Control and Prevention. She is a pa.st president of the 
.American Society for Microbiology (ASM), a former member of the National Institutes 
of Health (Nlll) Dirctnofs Advisory Committee, and a former member of the Advisory 
Council of the National Institute of .Allergy and Infectious Diseases of NIH. Dr. Cassell 
ser\ ed Syears on the Bacteriology-Mycology 2 Study Section and as chair for 3 years. 

She also was pre\ iously chair of the Board of Scientific Councilors of the Center for 
Infectious Diseases of the Centers for Disease Control and l*reveiition. l>r. Cassell has 
been intimately involved in establishment of science policy and legislation related to 
biomedical reseiuch and public health. She is tiie chairman of the Public and Scientific 
.Affairs Board of ASM, is a member of the Institute of Medicine, has serv ed as an adviser 
on infectious diseases and indirect costs of research to tire White House Office of Science 
and Technology Policy, and has been an invited participant in numerous congressional 
hearings and briefings related to infectious diseases, antimicrobial resistance, and 
biomedical research. She has serv ed on several editorial boards of scientific journals and 
has written over 250 ;ulicles and book chapters. Dr. Ca.ssell has received several national 
and international awards and an honorarv degree for her research in infectious diseases. 

.STE\'EN' CHI' IN.AS] is the director of E.O. Havvrence Berkeley National I .aboratoiy, 
and a professor of physics iuid cellular and molecular biologv* at the I’niversity of 
Califoniia, lierkeley. Previously, he held positions at Stanford l^niversity and AT&T Bell 
I>aboratories. Dr. Chu's research in atomic phv’sics. quantum electronics, polvmer 
physics. ;uid biophysics includes tests of fundamental theories in physics, the 
development of methods to laser-cool and trap atoms, atom interferometry, ;uid the 
manipulation and sludv’ of polymers and biologic sv-stems at the single-molecule level. 
While at Stanford, he helped to start Bio-X, a multidisciplinarv initiative tliat brings 
together the physical and biologic sciences with engineering and medicine. Dr. Chu has 
received numerous awards and is a cowinner of the Nobel Prize in physics (1997). He is a 
member of the National .Academy of Sciences, the .American Philosophical Society, the 
.American .Academy of .Arts and Sciences, and the .Academica Sinica and is a foreign 
member of tite Chinese .Academy of Sciences and the Korean .Academy of Science and 
Engineering. Dr. Chu also serves on the boards of the William and Flora Hewlett 
Foundation, the University of Rochester. NVIDIA, and the (planned) Okinawa Institute 
of Science and Technology. He has serv ed on numerous advisorv’ committees, including 
the Executive Committee of the National .Academy of Sciences Board on Physics and 
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Asirononiy, the National Institutes of Health Advison Committee to the Director, iind the 
National Nuclear Security Administration Advisoiy Committee to the Director. Dr. Chu 
received his AB and AB degrees in mathematics and physics from the L'liiversity of 
Rochester, a PhD in physics from the L niversity of California, Berkeley, and a number of 
honorarv’ degrees. 

ROBKKT .M. (iATKS has been the president of Texas A&M I’niversity. a land-grant, 
sea-grant, and space-grant university, since .Augu.st 2002. Dr. Gates ser\’ed as interim 
dean of the George Bush School of Government and Public Serxice at Texas .A&M from 
1999 to 2001. He serxed as director of central intelligence from November 1991 until 
Januarx’ 199."^. In that position, he headed all foreign-intelligence agencies of the Ignited 
States and directed the Central Intelligence .Agency (CI.A). Dr. Gates is the only career 
ofllcer in CIA's historx to rise from entrx-level employee to director. He serx'ed as deputy 
director of central intelligence from 1986 to 1989 and as assistant to the president and 
deputy national security adviser at the WTiite House from Januarx' 1989 to November 
1991. .Dr. Gates joined the CIA in 1966 and spent nearly 27 years as an intelligence 
professional, serving six presidents. During that period, he spent nearly 9 years at the 
National Security Council, serx ing four presidents of both political parties. Dr. Gates has 
been axvarded the National Security Medal and the Presidential Citizens Medal, has txvice 
received the National Intelligence Distinguished Serx ice Medal, and has three times 
receixed CIA's highest axvard, the Distinguished Intelligence Medal, He is the author of 
the memoir From the Shadows: The Ultimate Insider's Story of Five Presidents and How 
They li on the Cold IVar, published in 19%. He serx es as a member of the lioard of 
Trustees of the Fidelity Funds and on the Board of Directors of N.ACCO Industries. Inc., 
Brinker International, Inc., and Parker Drilling Company, Inc. I>r. Gates received his 
bachelor's degree from the College of Williant and Mary, his master's degree in history 
from Indiana L’niversity, and his doctorate in Russian and Soviet historx' from 
Georgetoxvn University 

N.VNC A' S. (;R.\SMK 'K is Maryland's first female state superintendent of schools. She 
has sened in that post since 1991. Dr. Grasmick's career in education began as a teacher 
of deaf children at the William S. Baer School in Baltimore City. She later served as a 
classroom and resource teacher, principal, supen isor, assistant superintendent, and 
associate superintendent in the Baltimore County Public Schools. In 1989, she xvas 
appointed special secretarx' for children, youth, and families, and in 1991, the state Board 
of Education appointed her state superintendent of schools. Dr. Grasmick holds a PhD 
from the Johns Hopkias University, an MS from Gallaudet Univer.sity, and a BS from 
foxvson University. She has been a teacher, an administrator, and a child advocate. Her 
nunierou.s board and commission appointments include the President's Commission on 
Excellence in Special Education, the US .Army War College Board of Visitors, the 
Toxvson University lioard of Msitors, the state Planning Committee for Higher 
Education, and the Marx land Business Roundtable for Education. Dr. Grasmick has 
receixed numerous axvards for leadership, including the Harold W. McGraxv, Jr. Prize in 
Education. 


PRE-PUBI.IC.ATION VERSION 


.A-3 


Februarx' 2006 Edition 



298 


CIIARLKS O. HOI,I,ll)A\', .IK, |NAE| is the chairman of the IJoard and chief 
executive officer of DuPont. He became chief executive otTicer in 1998 and chairman in 
1999. He started at DuPont in 1970 at DuPont's Old Hickorx' site after recei\ing a BS in 
industrial engineering from the L'niversity of Tennessee. He is a licensed professional 
engineer. In 2004. he was elected a member of the National Academy of Engineering and 
became chairman of the Business Roundtable's Ta.sk Force for Environment, Technology, 
and Economy the same year. Mr. Holliday is a past chairman of the World Business 
Council for Sustainable Development (WBCSD), the Business Council, and the Society 
of Chemical Indu.str\- American Section. While chainnan of WBCSD, Mr. Holliday was 
coauthor of Walking the Talk, which details the business case for sustainable 
development and corporate responsibility. Mr. Holliday also senes on the l3oard of 
Directors of HCA, Inc., and Catalyst and is a former director of .Analog Devices. 

SHIRI.EV ANN JAC KSON [NAE] is the 1 8th president of Rensselaer Pohtechnic 
Institute, the oldest technologic research university in the I'nited States, iuid has held 
senior leadership positions in government. industr\, research, and academe. Dr. Jackson 
is immediate past president of the .American .Association for the .Advancement of Science 
(.A.A.AS) and chairman of the .A.A.AS Board of Directors, a member of the National 
.Academy of Engineering, and a fellow of the .Americaji Acadenn of .Arts iuid Sciences 
and the .American Physical Society, and she has advisory roles and in other national 
organizations. She is a tni-stee of the Brookings Institution, a life member of the 
Massachusetts Institute TechnoIog\ Corporation, a member of the Council on Foreign 
Relations, and a member of the Executive Committee of tlie Council on Competitiveness. 
She serv es on the boards of Cleorgetown l’niversity and Rockefeller University, on the 
Board of Directors of the New York Stock Exchange, and on the Board of Regents of the 
Smitltsonian Institution, and she is a director of several major corporations. Dr. Jackson 
was chairman of the US Nuclear Regulatory Commission in 1995-1999: at the 
Commission, she reorganized the agency and revamped its regulatory approach by 
articulating and moving strongly to risk-informed, performance-based regulation. Before 
then, she was a theoretical physicist at the fonner .AT&T Bell I laboratories and a 
professor of theoretical physics at Rutgers L’niversity. Dr. Jackson holds an SB in 
physics, a PhD in theoretical elementaiy -particle physics from the Ma.ssachusen.s lastitute 
of Technology, and 31 honorary doctoral degrees. 

.VNTT.V K. JONES [N.AE] is I.awrence R. Quarles Professor of Engineering 
and Applied Science. She received her PhD in computer science from Caniegie-Mellon 
I 'tiiversity (CMU) in 1973. She left CMl ’ as an associate professor when she cofounded 
Tartan Laboratories. She was vice-president ofTartan from 1981 to 1987. In 1988. she 
joined the University of Virginia as a professor and the chair of the Computer Science 
Department. From 1993 to 1997 she serv ed at the US Department of Defense, where as 
director of defense research and engineering, she oversaw the department’s science and 
technologv program, research laboratories, and the Defense .Advanced Research Projects 
.Agency. She received tlie liS .Air Force Meritorious Civilian Service .Award and a 
Distinguished Public Service Award. She served as vice chair of the National Science 
Board and cochair of the Virginia Research and Technology .Advisoiy Commission. She 
is a member of llie Defense Science Board, the Charles Stark Draper I.aboratoiy 
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Corporation. National Research Conncil Advisor)' Council for Policy and Global .Vilairs. 
and the Massachusetts Institute of Technology Corpt^ration. She is a fellow of the 
Association for Computing Machinen,’, the Institute of Electrical and Electronics 
Engineers, and .American .Association for the .Advancement Science, and she is the author 
of 45 papers and two books. 

.lOSIll A I.KDKKBFKC; [NAS lOM] is Sackler Foundation Scholar at Rockefeller 
University in New York. He is a cowinner of the Nobel Prize in 1958 for his research in 
genetic slnicture and function in microorganisms. .As a graduate student at ^'ale 
l^niversity, Dr.l^jderberg and his mentor showed that the bacteriiun Escherichia coU 
could share genetic information tlirougli recombinant events. He went on to show in 1952 
iliat bacteriophages could transfer genetic information between bacteria in Salmonella. In 
addition to his contributions to biology. I>r. I.ederberg did extensive research in artificial 
intelligence, including work in the National .Aeronautics and Space .Administration 
e.x'perimental programs seeking life on Mars and the chemistrv’ expert system 
DENDR.AL. I>r. I^derberg is professor emeritus of molecular genetics and informatics. 
He received his PhD from Vale L'niversity in 1948. 


RK'II.VKI) LEVIN is the president of V' ale University and Frederick William Ikinecke 
Professor of Economics.. In his writings and public testimony. Dr. Ix;vin has described 
Uie substantial benefits of goveniment funding of basic scientific research conducted by 
universities. .A specialist in the economics of technologic change. Dr. L^^vin has written 
exiensively on such subjects as intellectuafproperty rights, ilie patent system, industrial 
research and development, and tlie effects of antitntst and public regulation on private 
industrs . Before his appointment as president, he devoted himself for 2 decades to 
leaching, research, and administration. He chaired Vale's Economics Department and 
sers ed as dean of the Graduate School of .Arts and Sciences. Dr. I Ajvin is a director of 
1 Aicent Technologies and a trustee of the William and Flora Hew lett Foundation, one of 
Uie largest philanthropic organizations in the United States. He sened on a presidential 
commission review ing the US Postal Sen ice and as a member of the bipartisan 
commission review ing US intelligence capabilities. .As a member of the Ikiard of 
Science, Technology, and Economic Policy at the National .Academy of Sciences. Dr. 
Levin co-chaired a committee that examined the effects of intelleclual-propeny rights 
policies on scientific research and made recommendations for a patent system meeting 
Uie needs of the 21sl centiin*. He received his bachelor's degree in historv' from Stanford 
L^niversily in 1968 and studied politics and philosophy at Oxford University, where he 
earned a bachelor of letters. In 1974, he received his PhD in economics from Vale and 
was named to the Vale faculty. He holds honorar>' degrees awarded by Peking, Har\ard. 
Princeton, and Oxford Universities. He is a fellow of the .American .Academy of .Arts and 
Sciences. 


(\ I). (I).\N) MOTE, .IR. [N.AEl began his tenure as president of the I'nivcrsity of 
Mary land and as Glenn L. Martin lastitute Professor of Engineering in 1998. Before 
assuming the presidency at Marviand. I>. Mote ser\ed on the University of California 
lierkeley (UCB) faculty for 31 years. From 1991 to 1998, he was vice chancellor at LX'B, 
held an endow ed chair in mechanical systems, and w as president of the UC Berkeley 
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Foundation. lie earlier seiz ed as chair of UCB's Department of Mechanical Engineering. 
Dr. Mote's research is in dynamic sN'stems and biomechanics. Internationally recognized 
for his research on the dynamics of gyroscopic systems and the biomechanics of snow 
skiing, he has produced more than 300 publications: holds patents in the I'nited States, 
Nonvay, Finland and Sweden; and has mentored 56 PhD students. He received his BS, 
MS juid PhD in mechanical engineering from L'CB. I>r. Mote has received numerous 
awards and honors, including the Humboldt Prize awarded by the Federal Republic of 
Germany. He is a recipient of the Berkeley Citation, an award from the University of 
California similar to an honorary doctorate, and was named distinguished engineering 
alumnus. He has received three honorary' degrees. He is a member of the National 
.Academy of Engineering and serves on its Council. He was elected to honorary 
membership in the .American Society of Mechanical Engineers International, its most 
distinguished recognition, and is a fellow of the .American Academy of .Arts and 
Sciences, the International .Academy of Wood Science, the .Acoustical Society of 
.America, and the .American .Association for the .Advancement of Science. He serves as 
director of the Technology Council of Maryland and the Greater Washington Board of 
Trade. In its latest survey, li’ashington Business Forward magay.'me named him one of 
the 20 most iiinuential people in the metropolitan Washington area. 

( 'HERR\' .MTRR.\\' (N.AS. NAE] is the deputy director for science and technology at 
Liiwrence Livermore National Laboratory (LLNL), in which she is the senior e.xecutive 
responsible for overseeing the quality of science and teclmology' in the laboratory 's 
scientific and technical programs and disciplines. Dr. Murray came to LLNL from Bell 
I.abs, Lucent Technologies, w here she seiz ed as senior vice president for physical 
sciences and w ireless research. She joined Bell Labs in 1978 as a member of the technical 
staff. She w as promoted to a number of petitions over the years, including department 
head for low -temperature physics, department head for condensed-matter physics and 
semiconductor physics, and director of the physical research laboratory . In 2000. Dr. 
Murray became vice president for physical sciences, and in 2001, senior vice president. 
13r. Murray received her BS and PhD in physics from the Massachusetts Institute of 
Technology. 

PETER O'DONNELL. JR is president of the O'Donnell Foimdation of Dal las. a private 
foundation that develops and funds model programs designed to strengthen engineering 
and science education and research. In higher education, the O'Donnell Foundtition 
provided the challenge grant that led to the creation of 32 science and engineering chairs 
at the University of Texas (UT) at .Austin. .Also at UT .Austin, it developed the plan that 
created the Institute for Computational Engineering and Science, and it constructed the 
.Applied Computational Engineering and Science Building to foster interdisciplinary 
research at the gradate level. In medicine. Mr. O'Donnell endowed the Scholars in 
Medical Research Program, designed to launch the most promising new assistant 
professors on their biomedical careers and tliereby help to develop future leaders of 
medical science. In public education. Mr. O Donnell has created the .Advanced Placement 
Incentive Program, w hich has increased the number of students, especially Hispanic and 
black students, w ho pass college-level courses in mathematics, science, and English 
while still in high school. The incentive program is now in 43 school districts in Texas 
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and ser\'cd as the model for both the state of Texas and the f ederal Advaneed Placement 
incentive programs. Mr. O'Donnell is chairman of .Advanced Placement Strategies. Inc., 
a nonprofit organization he founded to manage and implement the AP incentive program 
in Texas schools. He sen ed as a member of President Reagan's Foreign Intelligence 
•Advison.' Board, as commissioner of the Texas National Research Laborator>' 
Commission, and on the State of Texas Select Committee on Hi^er Education. He is a 
tnistee of the Cooper Institute, a member of the Presidents' Circle of the National 
.Academy of Sciences, and a founding member of the National Innovation Initiative 
Council on Competitiveness. Mr. O'Donnell has pursued a career in investments and 
philanthropy. He received his BS in mathematics from the I'niversity of the South and an 
MB.A from the Wharton School of the University of Pennsylvania. 

LEE R. R,\^'^K).\'I) |N.AE] is the chaimian of the Board and chief e.xecutive olTicer of 
Exxon .Mobil Corporation. 1>. Raymond was chairman of the lioard and chief executive 
otTicer of Exxon Corporation from 1 99.3 until its merger with Mobil Oil Corporation in 
1999. He serv ed as a director of Exxon Corporation from 1984 until the merger. Since 
joining the organization in 1963, Dr. Ravmond has held a variety of management 
positions in domestic and foreign operations, including Exxon Comp:uiy, L^SA; Creole 
Petroleiuii Corporation: Exxon Company. International; Ex.xon Enterprises: and Esso 
Inter-. America, Inc. He serv ed as the president of Exxon Nuclear Company, Inc. in 1979 
and moved to New York in 1981, when he was named executive vice president of Ex.xon 
Enterprises. In 1983, Dr. Raymond was named president and director of Esso Inter- 
.America Inc. with responsibilities for Ex.xon’s operations in the Caribbean Jind Central 
and South .America. He served as the senior vice president of Ex.\on Corporation from 
1984 to 1987 and as its president from 1987 to 1993 and in 1996. 1>. Ravniond has been 
a director of J.P. Morgan Chase & Co. or a predecessor institution since 1987 and served 
as a member of the Committee on Director Nominations and Board Affairs and Chairman 
of the Committee on .Management Development ;uid Executive Compensation. He senses 
as a director of the United Negro College I'und. the chaimian of the .American Petroleum 
Institute, tnistee and vice chairman of the .American Enterprise Institute and, tru.stee of 
the Wisconsin .Alumni Research Foundation. He is a member of the Basiness Council, 
the Business Roundtable, the Council on Foreign Relations, the National .Academy of 
Engineering, the Emergency Committee for .American Trade, and the National Petroleum 
Council. He is secretary of the Energy .Advisorv’ Board, the Singapore-US Business 
Council, the Trilateral Commission, and the l^niversity of Wisconsin Foundation. Dr. 

Rav mond graduated in 1960 from the University of Wisconsin with a bachelor's degree in 
chemical engineering. In 1963. he received a PhD in chemical engineering from the 
Universitv' of Minnesota. 

ROBERT C’. RIC HARDSON [NAS] is the F. R. Newman Professor of Physics and the 
vice provost for research at Cornell I'niversity. He received a BS and an MS in phv'sics 
from Virginia Polvlechnic Institute. .Alter serving in the l^S .Amiy. he obtained his PhD 
from Duke University in 1966. He is a member of the National .Academy of Sciences, He 
is also member of the Ooveming lioard at Duke Universitv . the .American ,A.ssocialion for 
the .Advancement of Science, and Brookhaven Science .Associates. I>. Richardson ha.s 
sen ed as chair of various committees of the .American Physical Society (.APS) and 
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recently completed a term on the Governing Board of the National Science Board. Dr. 
Richardson was awarded the Nobel Prize for the discoverv' that liquid helium-3 
undergoes a pairing transition similar to that of superconductors. He has also received a 
Guggenheim fellowship, the Kiglith Simon Memorial Prize (of the British Physical 
Society), the Buckley Prize of the APS and an honorar>^ doctor of science degree from the 
Ohio State University. He has published more than 95 scientific articles in major research 
journals. 

P. R03’ VAGELOS [NAS lOM] is retired chairman and chief executive ofi’icer of 
Merck & Co., Inc. He received an AB in 1950 from the L’niversity of Pennsylvania and 
an MD in 1954 from Columbia University, .\fter a residency at the Massachusetts 
General I lospital in Boston, he joined the National Institutes of I lealth, where from 1 956 
to 1966 he seized as senior surgeon and then section head of comparative biochemistiy. 

In 1966, he became chairman of the Department of Biological Chemistrx' at Washington 
University School of Medicine in St lz)uis; in 1973, he foimded university’s Division of 
Biology and Biomedical Sciences. He joined Merck Research I^oratories in 1975, 
where he was president imtil 1985, when he became CEO and later chainnan of the 
company. He retired in 1994. Dr. Vagelos is a member of the National .Academy of 
Sciences, the .American .Academy of .Arts and Sciences, .American Philosophical Society. 
He has received many awards in science and business and 14 honorar\ doctorates. He has 
been chairman of the Board of the University of Pennsylvania, a member of the Business 
Council and the Business Roundtable, and a member of tlie boards of TRW, McDonnell 
Douglas. Estee I^uider, and Prudential Finance. He also sen ed as cochairman of the New 
Jersey Pertbrming .Arts Center and president and CEO of the .American School of 
Classical Studies in .Athens. He is chairman of Regeneron Pharmaceuticals and 
Thcravancc, two biotechnology companies. He is also chairman of the Board of Visitors 
at Columbia University Medical Center, where he chairs the capital campai^i. He senes 
on a number of public-policy and advisor> boards, including the Donald Danforlh Plant 
Science Center and Danforth Foundation. 

C’H.ARLKS .M. N'EST [NAE) is president emeritus at the .Massachusetts Institute of 
Technology (MIT) and is a life member of the MIT Corporation, the institute's board of 
trustees. lie was president of MIT from 1990 to 2004. During his presidency, he 
emphasized enh«uicing undergraduate education, exploring new organizational forms to 
meet emerging directions in research and education, building a stronger international 
dimension in education and research pro^ams, developing stronger relations w ith 
indastr\, and enhancing racial and cultural diversity at MIT. He also devoted 
considerable energy to bringing issues concerning education and research to broader 
public attention and to strengthening national policy on science, engineering, and 
education. With respect to the latter , Dr. Vest chaired the President's .Advisory’ 
Committee on the Redesign of the Space Station and sen ed as a member of the 
President’s Committee of .Advisors on Science and Technology, the .Massachusetts 
Governor's Council on Economic Growih and Technolog\\ and the National Research 
Council Board on Engineering Education. He chairs the US Department of Energy Task 
Force on the Future of Science Programs and is vice chair of the Council on 
Competitiveness and immediate past chair of tlie .Association of .American U^niversities. 
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lie sits on the lioard of Directors of IBM and E.I. du Pont de Nemours and Co. In 2004, 
he was asked by Resident Bush to serve as a member of the Commission on the 
Intelligence Capahilities of the Ignited States Regarding \Veapi>ns of Mass Destruction. 

He earned his BS in mechanical engineering from West Virginia University in 1963 iuid 
his MS and PhD degrees from Uie University of Michigan in 1964 Jind l%7, respectively. 
His research interests are the thermal sciences and the engineering applications of lasers 
and coherent optics. 

C;K0R(;E M. M IHTKSIDES [NAS. NAEI is the Woodford I., and .\nn A. Flowers 
University Professor of ChemistiA at Harvard l^niversily, where his research interests 
include materials science, biophysics, complexity, surface science, microtluidics. self- 
assembly, microtechnology and nanotechnology, and cell-surface hiochemistrv'. He 
received an AB.from Harvard University in 1960 and a PhD from the California Institute 
of Technology in 1964. He was a member of the faculty of the Massachuseas Institute of 
Technology from 1963 to 1982. He joined the Department of Chemistrx' of Harv ard 
University in 1982 and w as department chairman in 1986-1989. He is a member of the 
.American .Academy of .Arts and Sciences, the National .Academv of Sciences, and the 
.American Philosophical Society. He is also a fellow of llie .American .Association for the 
.Advancement of Science and the New ^’ork .Academy of Science, a foreign fellow of the 
Indian National Science Academy, and an honorarv’ fellow of the Chemical Research 
Society of India. He has serv ed as an adviser to the National Research Council, the 
National Science Foundation, and the Defeuse .Advanced Research Projects .Agencv" at 
the Department of Defense 

RIC'II.VRD N. Z.ARE |NAS| is the Marguerite Blake Wilbur Professor in Natural 
Science at Stanford University. He is a graduate of Harv ard University, where he 
received his B.A in chemistrv and physics in 1961 and his PhD in chemical physics in 
1%4. In 1965, he became an assistant professoral the Ma.ssachusctts Institute of 
Technology. He moved to the I’niversity of Colorado in 1966 and remained there until 
1%9 while holding joint appointments in the Depjulments of Chemislrv' and Phv’sics and 
.A.strophysics. In 1969, he was appointed to a full professorship in the Chemistrv 
IX'partment at Columbia l^niversity, becoming the Higgins Professor of Natural Science 
in 1975. In 1977, he moved to Stanford University. Dr. Zare is renowned for his research 
in laser chemistrv', w hich resulted in a greater understanding of chemical reactions at the 
molecular level. He has received numerous honors and awards and is a member of the 
.American Philosophical Society, the National .Academy of Sciences, the .American 
.Academy of .Arts and Sciences, and the .American Chemical Society. He served as the 
chair of the President's Committee on the National Medal of Science in 1997-2000; 
chaired the National Research Council's Commission on Physical Sciences. Mathematics, 
and .Applications in 1 992- 1995; and was chair of the National Science Board for the last 2 
years of his 1 992-1998 service. He is the chairman of the Board of Directors of .Annual 
Reviews, Inc., and he will chair the Department of Chemislrv at Stanford L^niversitv in 
2005-2008. 
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STAFF 

DKBOKAII I). STINK (Study Director) is associate director of the Committee on 
Science. Kngineering. and Public Polic\’; director of the National Academies Christine 
Mir/.ayan Science and Technologv Policy Fellowship Program; and director of the Ofllce 
of Special Projects. Dr. Stine has received both group and individual achievement 
awards for her work on various projects throughout the National Academies since 1989. 
She has directed studies and other activities on science and security in an age of 
terrorism, human reproductive cloning, presidential and federal advisor\' committee 
science and technology appointments, facilitating interdisciplinar\' research, setting 
priorities for the National Science Foundation's large research facilities, advanced 
research iastnimentation and facilities, evaluating federal research programs, 
international benchmarking of US research, advanced research instrumentation, and 
man\ other issues. Before coming to the National .Academies, she was a mathematician 
for the .Air Force, iin air^pollution engineer for the state of Texas, and an air*issues 
manager for the Chemical Manufacturers .Association. She holds a BS in mechanical and 
environmental engineering from the University of California. Irv ine, an MB.A from what 
is now Texas .A&M at Corpus Christi. and a PhD in public administration w ith a focus on 
science and technology policy an(il>’sis from .American l^niversity. She received the 
Mitchell Prize Young Scholar Award for her research on inteniational environmental 
decision-making. 


.AL.A.N .ANDERSON has w orked as a consultant writer for the National .Academies since 
1994. contributing to reports on science policy, education and training, govemment- 
indiLstrv partnerships, scientific evidence, and other topics primarily for the Committee 
on Science. Fmgineering. and Public Policy and the Board on Science. Technology, and 
Economic Policy. He is also editorial director of the Millennium Science Initiative, an 
independent non-govemmental organization w hose mission is to strengthen science and 
technologv' in developing countries. He has worked in science and medical journalism 
for over 25 years, serving as reporter, writer, and foreign correspondent for Time 
magazine, the New York Times Magazine, Saturday Review, and other publications. He 
holds a B.A in Ivnglish from Yale University and an MS in journalism from Columbia 
l^niversity. 

TIIOM.AS .VRRISON is director of the Forum on Infoniiation Teclmology and Research 
Universities at the National .Academies. He holds M.As in public policy and .Asian studies 
and a B.A in political science from the University of Michigan. He studied in Japan for 2 
years, completing business internships in tlie banking and semiconductor industries and 
intensive training in Japanese language. Before being named director of the new forum in 
2002, he was associate director of the Goveniment-University-Industrv' Research 
Roundtable. Mr. .Arrison joined the National .Academies in 1990 and has served as the 
study director for numerous activities and publications, including nine committee 
consensus reports. 

D.WTD .VTTIS is director of policy studies at the Council on Competitiveness. He 
sen'es as the deputy director of the National Innovation Initiative, a multiyear elTort to 
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increase the US's capacity for innovation across all sectors of tlie economy. Before 
joining the council. Dr. Attis was a consultant with A.T. Kearney, Inc. in ils general 
consulting practice and its CHobal Business Policy Council. His work included business 
tuniarounds. strategy consulting, infonnation-sN'stems implementation, global risk 
assessments, ;md policy analysis. He holds a PhD in the history of science from 
Princeton I'niversity. an MPhil in the histoiy' and philosophy of science from Cambridge 
l^niversily. and a BA in physics from the UniversiU of Chicago. His doctoral thesis 
explored the development of mathematics in Ireland from the sun eyors of the 17'^ 
centurN tltrougli the Celtic Tiger economy of the 1990s. 

R.V( 'HKL ('Ol’RTLAND is a research associate for the National Academies Committee 
on Science, Engineering, and Public Policy. She earned her B.A in physics from the 
University of Pennsylvania in May 2003 and her MS in physics from Emor\' University 
in 2004. In graduate school, she studied the local perturbation of supercooled colloidal 
suspensions using two-dimensional confocal microscopy and conducted preparatory work 
for a National and .Aeronautics Space .Administration PCS pa> load project. As an 
undergraduate, she led Women Interested in the Study of Physics, an organization created 
to help to foster a more comfortable environment for women scientists at undergraduate 
and graduate levels and dedicated to raising awareness of issues facing women in 
academe. 

I.AURRL L. ]I.\AK is a program officer for the National .Academies Committee on 
Science, Engineering, and Public PoIic>\ She received a BS and an MS in biology from 
Stanford I'niversity. She was the recipient of a predoctoral National Institutes of Health 
(NIH) National Research Ser\'ice Award and received a PhD in neuroscience in 1997 
from Stanford University Medical School, where her research focused on calcium 
signaling iuid circadian rhythms. She was awarded a National Research Council research 
(issociateship to work at NIH on intracellular calcium dynamics in oligodendrocytes. 

From 2002 to 2003. she was editor of Science's Ne.xt Wave Postdoc Network at the 
.American .Association for the .Advancement of Scienee. While a postdoctoral scholar, she 
was editor of the H'onien in Neuroscience new sletter and ser\ ed as president of the 
organization from 2003 to 2004. She is an ex officio member of the Society for 
Neuroscience Committee on Women in Neuroscience, has seiz ed on the Biophy'sics 
Society Early Careers Committee, and was an adviser for the National Postdoctoral 
.Association. 

PI-ynCR inCNDF-RSON is director of the National .Academies Board on Higher 
FMucation and Workforce (BIIEW). His specializations include posLsecondary education, 
the labor market for scientists and engineers, and federal science and technology research 
funding. He oversees BHEW’s Evaluation of the Lucille P. Markey Trust Programs in 
Biomedical Science and .Assessment of NIH Minority Research Training Programs and 
super\ ises BHF^W' staff w orking on studies that examine the community-college pathw ay 
to engineering careers. He has contributed as a study director or stalT member to 
Building a li'orl^orce for the Information Economy. Measuring the Science and 
Engineering Enterprise: Priorities for the Division of Science Resource Studies. 
Attracting Science and Mathematics Ph.D.s to Secondary School Education. Monitoring 
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International Labor Standards, Trends in Federal Support of Research and Graduate 
Education, and Observations on the President's Federal Science and Technology Budget. 
I)r. Henderson holds a master's degree in public policy (1984) from IIar\'ard University’s 
Joltn F. Kennedy School of Cio\'emment and a PhD in American political histor\' from 
the Johns Hopkins l^niversity (1994). He joined the National .Academies stall' in 1996 
and is a recipient of the National .Academies Distinguished Service .Award (2003). 

.K) L. IH'SB.AND.S is a senior project director with Development, Security, and 
Cooperation of the Policy and Cilobal .Affairs division. In that capacity, she is w orking 
on a project to engage the international scientific commiinih' in addressing the possibility 
that the results of biotechnology research w ill be misused to support terrorism or biologic 
weapons. She is also developing new projects related to defense economics and the 
proliferation of conventional weapoas and technologies. From 1991 througli 2004, she 
w as director of the National .Academies Committee on International Security and .Arms 
Control and its Working Group on Biological Weapons Control. Dr. Husbands is an 
adjunct professor in the security studies program at Cieorgetown University, where she 
teaches a course on ‘'Hie International .Arms Trade” She holds a PhD. in political 
science from the Uni\ ersily of Minnesota and a master's degree in international public 
policy (international economics) from tlie Johns Hopkins University School of .Advanced 
International Studies. She is a member of the .Advisors Board of Women in International 
Security and a fellow of the International Union of Pure iuid .Applied Chemislr> . 

BKNJ.A.MIN .A. NOWVK (Policy Fellow) is pursuing his MS in public policy and 
management at Carnegie Mellon l^niversity. He recei\’cd his B.A in political science and 
his BS in biomedical engineering from the University of Pittsburgli, where he was a 
member of the l^niversity Honors College. .As an undergraduate student. .Mr. Novak had 
the unusual experience of completing internships in both technical and policy fields 
w orking in a \ ariety of places, including tlie US Congress, the House of Representatives 
Committee on Science, the Vascular Research Center of David Vorp. and the .Artificial 
Liver I.aborator>’ of Jack Patzer. 

STFA'K OLSON is the author of Mapping Human History^ Genes, Race, and Our 
Common Origins (I loughton MitTlin), w hich w as one of five finalists for the 2002 
nonfiction National Book .Award and receiNed the Science-in-Society .Award from the 
National .Association of Science Writers. His most recent book. Count DoM>n: Six Kids 
Vie for Glory' at the IVorld 's Toughest Math Competition (I loughton Mifilin), was named 
a best science book of 2004 by Discover magazine. He has written several other books, 
including Evolution in Hcm'aii and On Being a Scientist. I le has been a consultant writer 
for the National .Academy of Sciences and National Research Council, the I low ard 
Hughes Medical Institute, the National Institutes of Health, the Institute for Genomic 
Research, and many other organizations. He is the author of articles in The Atlantic 
.\fonthly. Science. The Washington Post. Scientific American, Washingtonian. Slate. 
Teacher, Astronomy. Science 82-86, ;md other magazines. I le also is coauthor of an 
article published in Nature in September 2004 that presented a fundamentally new 
perspective on human ancestr>'. From 1989 througli 1992, he seized as special assistant 
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for communicatioas in tlie While Hoase Office of Science and Technology Policy. He 
earned a bachelor's degree in physics from Yale University in 1978. 

.lOlI.N B. SL.ViNTNA (Policy Fellow) is a graduate student at the Georgia Institute of 
Technology (Georgia Tech) ;md a Christine Mirzayan Science and Technology Policy 
Fellow at the National .Academies. He is pursuing an MS in public policy, and his 
research encompasses the incoiporalion of innovative practices in the manufacturing 
sector and regional economic development. He previously received an MS in mechanical 
engineering at Georgia Tech in 2002, where he pertbrmed research in sensor design for 
bioengineering applications. During the 2000-2(X)l school year, he .studied engineering 
at the Ecole Nationale Superieure d'.-Vrts cl Metiers in Metz, France. He earned his 
undergraduate degrees in mechanical engineering and mathematics from Y oungstow n 
State finiversity in 2000. 
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STATEMENT OF TASK 


This congrcssionally-rcqiicsicd study will address the following questions: 

\Miat are the tup 10 artiuns, in priority order, that federal policy makers could take 
to enhance the science and technology enterprise so the liiited States ran 
snrressfully compete, prosper, and be secure in the global ronnnuiiity of the 21st 
( entury ? 

hat implementation strategy, w ith several concrete steps, conid be used to 
iniplement each of those actions? 
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Bnited States Senate 

WASHINGTON, DC 20510 
May 27, 2005 


Dr. Bruce Alberts 
President 

National Academy of Sciences 
2I01 Constitution Avenue 
Washington, DC 20418 

Dear Dr. Alberts: 

The Energy Subcommittee of the Senate Energy and Natural Resources Committee 
has been given the latitude by Chairman Pete Etomenici to hold a series of hearings to 
identify specific steps our government should take to ensure the preeminence of 
America’s scientific and technological enterprise. 

The National Academies eould provide critical assistance in this effort by assembling 
some of the best minds in the scientific and technical community to identify the most 
urgent challenges the United States faces in maintaining leadership in key areas of 
science and technology. Specifically, we would appreciate a report from the National 
Academies by September 2003 that addresses the following: 

• Is it essential for the United States to be at the forefront of research in broad areas 
of science and engineering? How does this leadership translate into concrete 
benefits as evidenced by the competitiveness of American businesses and an 
ability to meet key goals such as strengthening national security and homeland 
security, improving health, protecting the environment, and reducing dependence 
on imported oil? 

What specific steps are needed to ensure that the United States maintains its 
leadership in science and engineering to enable us to successfully compete, 
prosper, and be secure in the global community of tbe 21st century? How can 
we determine whether total federal researeh investment is adequate, whether it is 
properly balanced among research disciplines (considering both traditional 
research areas and new multidisciplinary fields such as nanotechnology), and 
between basic and applied research? 

• How do we ensure that the United States remains at the epicenter of the ongoing 
revolution in research and innovation that is driving 21st century economies? 
How can we assure investors that America is the preferred site for investments in 
new or expanded businesses that create the best jobs and provide the best 
services? 
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• How can we ensure that critical discoveries across all the scientific disciplines are 
predominantly American and exploited first by firms producing and hiring in 
America? How can we best encourage domestic firms to invest in invention and 
innovation to meet new global competition and how can public research 
investments best supplement these private sector investments? 

• What specific steps are needed to develop a well-educated workforce able to 
successfully embrace the rapid pace of technological change? 

Your answers to these questions will help Congress design effective programs to ensure 
that America remains at the forefiont of scientific capability, thereby enhancing our 
ability to shape and improve our nation’s future. 

We look forward to reviewing the results of your efforts. 


Sincerely, 


Lamar Alexander 
Chairman 

Energy Subcommittee 



2 
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U.S. HOUSE OF REPRESENTATIVES 

COMMITTEE ON SCIENCE 

SUITE 2320 RAYBURN HOUSE OFFICE BUILDING 
WASHINGTON, DC 20515-6301 
(202) 225-6371 
TTY: (202)226-4410 

hnp./AMMivr house gov/scier>ce/w«icome him 

June 30, 2005 


Dr. Bruce Alberts 
President 

National Academy of Sciences 
2101 Constitution Avenue 
Washington, DC 20418 

Dear Dr. Alberts: 

We understand that the National Academies, in response to a request from Senators 
Alexander and Bingaman, are in the early stages of developing a study related to the 
urgent challenges facing the United States in maintaining leadership in key areas of 
science and technology. Because the Science Committee considers ensuring the strength 
and vitality of the Nation’s scientific and technology enterprise an important part of its 
broad oversight responsibility, we are writing to endorse the request for this study and to 
encourage the National Academics to carry it forward expeditiously. 

In addition, we would like to suggest some specific questions we hope to see addressed 
by the study: 

• What skills will be required by the future U.S. science and engineering workforce 
in order for it to command a salary premium over foreign scientists and 
engineers? Are alternative degree programs needed, such as professional science 
masters degrees, to meet the needs of industry and to lead to attractive career 
paths for students? 

• Are changes needed in the current graduate education .system, such as: a different 
mix in graduate support among fellowships, traineeships and research 
assistantships; and more research faculty positions and fewer postdocs and 
graduate students in traditional graduate programs? 

• Should a greater proportion of federal research funding be allocated to high-risk, 
exploratory research and should funding priorities among broad fields of science 
and engineering be readjusted? 
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• What policies and programs will help ensure the rapid flow of research results 
into the marketplace and promote the commercialization of research in a way that 
leads to the creation of good jobs for Americans? 

The Committee looks forward to reviewing the results of this effort, and hopes that a 
draft response would be available by September 30, 2005. We hope that the new and 
innovative ideas you produce as the result of this effort will be able to translate into 
policies that will enhance U.S. prosperity in the 21st century If you have any questions, 
please contact Dan Dyers of the Majority Staffer Jim Wilson of the Minority Staff 


Sincerely, 

-f 

SHER\V»OD roKHLERT 
Chairman 



Ranking Member 
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Appendix C 


FOCUS GROUP SESSIONS 
AUGUST 6, 2005 

llie Committee on Prospering in the Global Hconomy of the 2l8t Centuiy convened focus groups on 
Saturday, August 6, 2005, from 9 am to 4 pm. The purpose of the focus groups was to gather experts in 
five broad subjects K* 12 education, higher education, science and engineering research, innovation and 
workforce, and national and homeland security' to provide input to the committee on how the United 
States can successfully compete, prosper, and be secure in the global community. 

Kach focus-group participant was provided background on the committee members and on other focus- 
group members. 13 issue papers (sec Appendix D) that summarized past reports on the various topics that 
were discussed, and a list of recommendations gleaned from past reports and interviews with committee 
and focus-group members. 

llie charge to focus-group participants is listed in full on page 0-3. Mssentially. each group was asked to 
deline and set priorities for the lop three actions for its subject that federal policy-makers could lake to 
ramp up the innovative capacity' of the l.'niled .Stales. Each focus group w as chaired by a member of the 
committee, who presented the group's priorities to the tiill committee during an open discussion session. 
I'he content of those prescnlaiioas is listed starting on page C-4. Focus group-biographies are listed 
starting on page C-9. 
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Pn^spering in the C>lobal Economy of the 21^ C'entun : 
An Agenda for American Science and Technology 

Agenda 

Focus Group Meeting 


August 6, 2005 


Keck C enter of the National Academies 
5<)() 5“" Street, N\\ 
^^'ushillgt(lll, DC 


9:00 Continental Breakfast Available (R<Mini 100) 

9:30 Study Overview and Charge to Focus Croups 

Sorman Augustine^ ( hair, Connnittee on Prospering in the Clobal Kcononiy 
of the 21”* Centuiy 

10:00 Focus Croups Meet 


K-12 Education 

Room 110 

Roy 1 agelos. Chair 

Higher Education 

Room 101 

Chuck test. Chair 

Research 

Room 201 

Dan Mote, Chair 

Inn(»vation 

Room 204 

Oail Cassell, Chair 

Socuritv 

Room 105 

Anita Jones, ( hair 


12:00 Lunch (Available in meeting rooms) 

2:45 Break (Move to Kooni 100) 

3:00 F’ocus Croups Report on Results of their Deliberations (Room 1(K)) 
4:00 Adjourn 
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Focus CfPoup Charge 


ITic Committee on Prospering in the Global Economy of the 21** Century would like to thank you 
for helping it in its important Ia^^ to address the following queslioas: 

U'hat are the top 10 actions, in priority order, that federal policy makers could take to enhance the 
science and technology enterprise so the I'nited States can successfully compete, prosper, and be 
secure in the global community of the 21st ('entury? What implementation strategy, with several 
concrete steps, could be used to implement each of those actions? 

Your rdc. as a focus group participant, is to help the committee, in your area of expertise; 

• Identify existing ideas the federal government (President, Congress, or federal agencies) could 
take, fhe ideas should not be to general they need to be sulliciently actionable that they could 
be turned into congressional language. 

• Brainstorm new ideas 

• Evaluate all ideas 

• lYioritize all ideas to propose to the committee the top 3 actions the federal government could 
lake so that the I’nited Slates can successfully compete, prosper, and be secure in the global 
community of the 21^ century. 

Since there arc 5 focus groups, wc expect a total of 1 S prioritized recommendations to result from the 
focus group session wliich will be presented and discussed at a plenary session at the end of the day. 

Ilicse 1 5 recommendations that would then be used by the committee as input to its decision-making 
process as it comes up with a "lop 10” list on Sunday. 

Each focus group is chaired by a committee member and has a staff member with expertise in the 
issue and a S&T policy fellow (graduate student) to assist them. Tlie staff is available to put together any 
action list that is produced (no summary' of the discussion is planned). 

In evaluating each proposal, here are some evaluation criteria to keep in mind; 

Minimum Selection C'riteria 

• C'an the actions be taken by those who requested the study? Ilic President, Congress, or the 
federal agencies? 

Evaluation Criteria 

• ('ost — What is a rough estimate of how much the action will cost? Is the cost reasonable relative to 
the financial resources likely to be available? Can resources for this action be diverted from an e.xisling 
activity as opposed to “new money”? 

• Impact — Which degree of impact is the action likely to have on the problem of concern? 

• Cost-cffectivcnes-s Which actions provide the most “bang for the buck"? 

• fimeframe What is the desired timeframe for the action to have an impact? Is Ute action likely to 
have impact in the short or long-term or both? 

• Distributional EffccLs Who are the winners and the losers? Is this the best action for the nation as 
a tvhole? 

• Ease of Implementation To what degree is the challenge easy, medium, or hard to implemcml? 

• History- Has the action been suggested by another committee or policymaker before? If so. why 
has it not been implemented? Can the challenges be overcome this time? 

• Is the Moment Right for this Action? .Are they likely to be viable in the near-term political and 
policy context? 
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K'12 Kducatiun Focus Group Top Recommendation Sumnian 
Roy Vagelos, CViair 


Sational Objectives 

• Lay a foundation for a worklbrce that is capable in science, technology, engineering, and 
mathematics (STEM) including those who can create, support, and sustain innovation. 

• Develop a society that embraces STEM literacy. 

• Develop and sustain K-12 teacher corps capable of and motivated to teach science and 
mathematics. 

• Establish meaningful mea.sures. 

Top Recommendations 

1. The federal government should provide peer-reviewed long-tenn suppoil for 
prognims to develop and suppoit a K-12 teacher core that is well-pi'epai'ed to teach 
S TKM subjects. 

a. Programs for in-serN ice teacher development tliat provide in-depth content and 
pedagogical knowledge: some examples include summer programs. Master's 
programs, and mentor teachers. 

b. Provide scholarship funds to in-ser\'ice teachers to participate in summer institutes 
and content-intensive degree programs. 

c. Pro\ ide seed grants to universities and colleges to provide summer institute and 
content-intensive degree programs for in-service teachers. 

2. Establish a program to encourage undergraduate students to major in S I'EM and 
teach in K-12 for at least 5 years. The program should include support mechanisms 
and incentives to enable teacher retention. 

a. Prov ide a scholarship for joint STEM bachelor's degree + teacher certification 
program. Mandate a service requirement and pay a federal signing bonus. 

b. Encourage collaboration between STEM departments and education departments 
to train STM K-12 teachers. 

3. Provide incentives to encourage students, especially mimuities and women, to 
complete STM K-12 coursevvork, including 

a. Monctarv' incentives to complete advanced coursework. 

b. Tutoring and alter school programs. 

c. Siunmer engineering and science academies, internships, and research 
opportunities. 

d. Support school and ciuTiculum organization models (state-wide specialty schools, 
magnet schools, dual-enrollment models, and the like). 

4. Support the design of state public sch(H>l assessments that measure necessarv 
workplace skills to meet inmwation goals and ensure No ( hild Left Behind 
a.sst'ssments include these goals. 

5. Provide support to research, develop, and implement a nm generation of 
instructimial materials (including textbooks, modules computer programs) based 
on research evidence on student learning outcomes, with vertiral alignment and 
coherence across assessments and framew orks. Link teacher dev elopment and 
curricular development. 
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K-12 Focus (>roup Participants 


Roy N’agelos, retired Chair 

Carolyn Bacon. Executive Director, O’Donnell Foundation 
Susan Bcr.irdi, Consultant 

Rolf K. Blank, l>irector of Education Indicators. Council of Chief Stale School Ofllcers 
Rodger Bybee. Executive Director, Biological Sciences Curriculum Study 
Ilai'Eung Dai. Hirschmann-Makineni Chair Professor of Chemistry, University of Pennsylvania 
.loan Ferrini-Mundy, .Associate Dean for Science and Mathematics Education and Outreach, 
College of Natural Science, Michigan State University 
Bruce Fuchs. Director, Oftlce of Science Education. National In.stitutes of Health 
Ronald Marx. Professor of Educational Psychology and Dean of Education. University of 
.Arizona 

l>a^id Monk. Professor of Educational .Administration and Dean of College of Education, 
Pennsylvania State University 

C arlo Parravano. Executive Director, Merck Institute for Science Education 
.Anne f’. Petersen. Senior Vice President for Programs. W.K. Kellogg Foundation 
Helen Quinn. Physicist. Stanford Linear .Accelerator Center, Stanford University 
Deborah Roudebiish, Physics Teacher. Fairfax County Public Schools 
Daniel K. Rubenstein, Mathematics Teacher, New York City Collegiate School 
J. Stephen Simon, Senior Vice President, Ex.xon .Mobil Corporation 
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Higher Education Focus Group Top Recoiiiineiidatioii Suninian 
Charles \'est. Chair 


Xationai Objective 

Ihc US should lead in the discoverv' of new scientific and technological knowledge and its 
efficient translation into new products and serN ices in order to sustain its preeminence in 
technolog> -based industr\ and job creation. 

Our higher education system has a critical role in meeting this objective. 

Rei ommen Jah on 

We recommend that Congress enact the Innovation Development Education and 
Accelenition Act (The IDEA Act). Its purpose is to increase the number of I'.S. students, 
consistent with our demography, w ho will become innovation leaders: professional 
scientists and engineers; and science, mathematics, and engineering educators at all levels. 

/. Vnderftraduate Education: Increase the number and proportion of citizens who hold 
STEM degrees to meet international benchmarks. Le. migrate, over Jive years, from 5% to 
lO^o of earned first (bachelor' s-tevel) degrees. 

a. Provide competitive multi-agency (non-thematic) scholarships for undergraduates in 
science, engineering, mathematics, technology, and other critical areas. Tlie scholarships 
would carr>’ with them supplemental support for pedagogical innovation for the 
departments, programs, or institutions in which the students study. This program should 
support students at 2-year and 4-year colleges and research universities. 

2. Graduate Education: Increase the number of VS graduate students in science, 
engineering, and mathematics programs ut areas of strategic national needs. 

a. Create a new multi-agency support program for graduate students in SlI'AI areas related 
to strategic national needs. This support should include and appropriate mix of 
competiliv e portable fellowships and competitive training grants. 

3. Faculty I*reparation and Support: Support the propagation of effective and creative 
programs that develop scientific and technological leaders who understand the innovation 
process 

a. Support workshops, preparation of educational materials, and experience-based 
programs. 

4. Create global scientific and technological leaders. 

a. Provide a globally-oriented education and opportunity for US students, and maintain the 
US as the most desirable place to pursue graduate education and or scientific and 
technological careers. 

b. IX'fine the policies that will maintain our long-term security and v itality througli the 
openness of .American education and research and the free flow of talent and ideas. 
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Higher Kducation Focus Group 


C huck Vest, Chair 

M.R.C-. Greenwood, Provost mid Senior N ice President for Academic .Wairs. University of 
California 

Daniel Hastings. Professor of .Aeronautics and .Astronautics and Engineering Systems, 
Massachusetts Institute of Technology 

Randy H. Katz, United Microelectronics Corporation Distinguished Professor in Electrical 
Engineering and Computer Science, University of California, lierkeley 
(ieorge M. Langford, E. E. Just Professor of Natural Sciences and Professor of Biological 
Sciences. Dartmouth College 

Joan F. Lorden. Provost and Vice Chancellor for .Academic .Affairs, University of North 
Carolina-Charlotte 

Claudia Mitchell-Kcman. \ ice Chancellor for CJraduate Studies and Dean of Graduate 
Division, University of California, Los .Angeles 
Stephanie Pfimian. Chair, Department of Environmental Science, Barnard College 
Paul Romer, ST.ANCO 25 Professor of Economics. Ch'aduate School of Business, Stanford 
University 

Janies M. Rosser. President and Professor of Health Care Management, California State 
I’niversity, Los .Angeles 

Tim Steams. .Associate Professor of Biological Sciences and Genetics. Stanford University 
Debra Stewart. President, Council of Graduate Schools 

Orlando L. Taylor, Vice Provost for Research, Dean of Graduate School, and Professor of 
Commiuiicalions. Howard University 

Isiah .M. ^^■amel^ Vice Chancellor for Strategic Initiatives. Louisimia Slate University 
Dean /.oilman. University Distinguished Professor, Distinguished University Teaching Schohir, 
and Head of Department of Physics, Kansas State I 'niversitN 
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Research Focus (*roup Top Recommendation SummaiT 

Dan Mote, Chair 


Sational Objective 

.America's leadership in S&T has created our prosperity, security and health. That leadership is 
now threatened. Our leadership resulted from a long-term investment in basic research. In order 
to keep our leadership position we must re\italize our investments, particularly in the physical, 
mathematical sciences and engineering. 

Hecommendations 

1. Set the federal research budget to 1% of GDP within the next five years to su.stam TS 

leadership in innovation for prosperity, security and quality of life 

a. .Address 21st centurx' global economy grand challenges in energy , security, health and 
environment through interagencx initiatives 

b. Bring phx'sical .sciences, engineering, mathematics, and information science up to the 
levels of health sciences 

c. .All agencies would expand their basic research programs 

d. Replace decaying infrastnicture in universities, national labs and other research 
organizations 

e. Longer-term, stable funding 

2. To foster bi'eakthroughs hi science and technology, allocate at least 5% of fe<leral 

agency research poilfrdios to high-risk basic research 

a. .Allow for discretionary distribution for basic research with program oversight 

b. Provide at least five years of adequate support for early-career researchers 

c. Provide technical program managers in federal agencies with discretionary' funding 

3. Make S&'f an attractive career to the best and the brightest 

a. C'reate an undergraduate loan forgiveness program for students who complete a PhD in 
S&T and work as STEM researchers (e.g. $25,000 per year) 

b. Create training grants for graduate iuid post-graduate education across federal research 
budgets 

c. Provide five years of transition funding for early career research 

d. Cultivate K- 1 2 students to careers in science and teehnologx 

e. Actively recruit and support the world's best students and researchers and make it 
attractive for them to stay: address problems with visas, deemed exports and other 
barriers 
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Research Focus (>roup 

Dan Mote, President. University of Man. land. Chair 

Paul Aver}, Professor of Physics, University of Florida 
(ian Bachula. Vice President for Kxtemal Relations. Inteniet2 

Angela Belcher. John Chipnian .Associate Professor of Materials Science iuid Engineering and 
Biological Engineering. Massachusetts Institute of Technology 
Elsa M. Gamiire. Sydney E. Jenkins Professor of Engineering. Dartmouth College 
Heidi K. Hamm, Earl \V. Sutherland. Jr, Professor and Chair of Pharniacologv', Vanderbilt 
University 

Mark S. Humayun. Professor of Ophthalmology, Biomedical Engineering, and Cell and 
Neurobiology, University of Southern California 
Madeleine Jacobs. Executive Director ,'uid Chief Executive OlTicer, .American Chemical Society 
Cato T. 1 .aureiicin. Lillian T. Pratt Distinguished Professor and Chair of Department of 
Orthopaedic Surger\‘. University of Virginia 
Da> Id La\’an. .Assistant Professor of Mechanical Engineering. Yale I’niversily 
Phillip LeDuc. .Assistant Professor of Mechanical Engineering. Carnegie .Mellon University 
Dcirdrc k. Meldruni. Professor and Director of Cicnomation Laboratoiy, Department of 
I Jectrical Engineering. University of Washington 
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Innovation and \\'orkforce Focus (iroup Top Reconiniendation Suniman 
(vail C'assells, Chair 

National Objective 

Accelerate the process of innovation to: 

• Solve national problems 

• Create and retain well-paying jobs 

• Ensure prosperity 

Recommen dation s 

1. Tax Poliev': Make the R&D tax crcHlit pi'mianent, and extend coverage to research 
conducted in unixersity-iiidustrv consortia 

2. National Faiergx' Initiative 

a. Sharp increase in agency R&D related to energv’ prosperity 

b. National Energy Prosperity fellowships 

c. Cabinet-level National Council on Energx Prosperity 

3. National Agency for Innovation 

a. New independent, project-based agency, reports to president 

b. University-industiy projects on specific goals 

c. Broad. non-militar\’. national interest 

d. $3-5 billion per year 

e. Outputs: functional prototypes and processes, training, monitoring of U.S. innov ation and 
competitiveness 

f. Issues to resolve: metrics, intellectual property (IP), governance 

4. Stimulate interest of young people in S&T 

a. National scholarships program for first-generation college students who major in S&E 

b. Scholarship recipients available for national S&E role models program to explain to 
elementary and secondary students what tliey do and how success in school prepared 
them 
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Innovation and W'oHiforce Focus (vroup 

(iail Cassell, V ice President of Scientific .-UTairs and Distinguished Lilly Research Scholar for 
Infectious Diseases. Eli Lilly and Compan>, Chair 

Miller Adams. \’ice President. lioeing Technolog\ Ventures 

Robert J. .Viken. Director of Engineering, International .Academic Research and fechnology 
Initiatives. Cisco Systems, Inc. 

Ron Hlaclovell. Chief Economist, .American Federation of I.abor and Congress of Industrial 
I'nioas (AFL-CIO) 

Craig Blue. Distinguished Research Engineer and Group Leader, Materials Processing Group. 

Metals and Ceramics Division. Oak Ridge National Laboratory 
Susan Butts. Director. External Technology, Dow Chemical Company 
Paul ( Itron, Vice l*resident (retired). Technology Polic>' and .Academic Relations, Medtronic, 
Inc. 

Chad Kvan.s, Vice President, National Innovation Initiative. Council on Competitiveness 
Kent II. Hughes. Director, Program on Science. Technology. .America and the Global Economy, 
Woodrow Wilson Intemational Center for Scholars 
.Manin Rosters. Resident Scholar, .American Enterprise Institute 
Mark B. .Myers. \'i.siting E.xecutive Professor of Management. Wharton School of the 
I 'niv ersit> of Pennsylvania 

.lullana C. Shei. Global Technologx' Manager, General Electric 
Nancy \'orona. Vice President, Research Investment. Virginia's Center for Innovative 
fechnology 

Caroline S. M’agner. Researcher, Center for Intemational Science and Technology Policy, 
George Washington University 


PRE-Pl^BLIC.ATION VERSION 


.Appendix C- 1 1 


Febmars^ 2006 Edition 



326 


Nationul uiid lloiiielaiKl Si'curity Gtx>up Focus Group Top Rccoinmciidation Summani 

Anita Jones, Chair 


O'iohalizafion is a fact of life 

• Science and technology (S&T) provides our qualitative national security advantage 

• S&T enables our prosperity, which in turn Hnances strong security 

• S&T increasingly originates abroad 

• Isolation damages our security and our economy 

• Need to engage \\ ith and ensure access to innovators and innovation abroad 
SatUmal Objectives 

• Stimulate innovation and its adoption to sene security 

• Rebalance Security S&T Research Funding Invested in [Basic Research 

• Accelerate creation of knowledge in the US and acquisition of knowledge from abroad 

• Attract and retain global best and brightest 

Oily tlie federal goveniment can provide the framework strategy for balancing contending 
national interests. 

Hecomtnen dati on s 

1. To stimulate innovation and its adoption to seiA'e security, create new mechanisms to 
discover, dex eiop. and exploit new ideas 

a. l.cgal refomi - extend liability protection for homeland security providers 

b. Create new prototypes for university-industry-nalional lab partnerships 

i. Experiment with mix of funding mechanisms, e.g. SEMA'IIlCTI. InQTel. for security 

ii. Streamlined, standardized IP provisions based on best practices for universities and 
national labs 

2. To rebalance security S&'f research funding invested in basic research, dedicate 3 percent of 
national defense homeland security budget to S&T and 20°o of S&T budget to long-temi 
research. 

a. Cost: A of $ in research spending 

b. Caveats concerns; Need institutional champion in each agency? 

3. Create a single national strategy’ to attract and retain llie global best and brightest to US S&T 
enterprise 

a. Increase support for the National Defense Education Act (NDEA-21) 

i. Double the number of US students going into S&E and related security fields 

ii. Pro\ ide a national sen ice educational benefit incentive 

b. Redesign visa, deemed export, and immigration policies to attract and retain foreign 
talent 
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National and Honudand Security Focus (>roup 

Anita Jones* Lawrence R. Quarles Professor of Engineering and Applied Science. University of 

Virginia. Chair 

Ronald M. .\tlas. Graduate Dean. Professor of Biology', and Codirector, Center for the 
Deterrence of Biowartare and Bioterrorism, University of Ix)uisville 

Pierre Chao, Senior Fellow and Director of Defense Industrial Initiatives. Center for Strategic 
and International Studies 

Richard T. Cupitt. Senior Consultant. .MKT. and Scholar-In-Residence. School of Internationa] 
Sen.'ice, American University 

Kenneth Flanini. Dean Rusk Professor of International .Affairs. Lyndon B. Johnson School. 

I niversity of Texas-.Austin 

.Vlice P. (tast. Robert T. Haslam Professor, Department of Chemical Engineering, and Vice 
President for Research and .Associate I^ovost, Massachusetts Institute of Technology 

\MIIiani llapper. Professor. IX'partment of Physics, Princeton University 

Robert llennann. Senior Partner, (ilobal Technology Partners, LLC (via videoconference) 

Richard Johnson. Senior Partner. .Arnold and Porter, LLP 

Janies .A. Lewis, Senior Fellow and Director of Technology Public Policy. Center for Strategic 
and International Studies 

Daniel H.Poneniaii. Principal, Ilie Scoweroft Ciroup 

Sheila R. Roiiis. President, The l^niversity Group. Inc. 

(leneral l.ariy \\ elch (rctii*ed). Senior .Associate, Institute for Defense .Analyses (via 
videoconference) 

Rear Adminil Robert II. ^^'erihe^nl (retired). Coasultant 
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Focus (;roup Pailicipant Bioginphics 

MILLKK ADAMS is vice president of Boeing Technologv' Ventures, a unit ofBoeing Phantom Works, 
the research and development organization of the Boeing Company. He leads a team responsible for the 
overall Enterprise Technology Planning Process for Boeing. He also is responsible for some aspects of 
cxtemabtcchnologv- acquisition strategics for Boeing, including the Evaluation of Exienul Technology 
Solutions, International Industrial Technologv' Programs. Strategic Tcchnologv' .\llianccs. Global 
L'niversitv- Research Collaborations, and Boeing’s overall Global R&D .Strategy. Mr. .Adams is 
responsible for Boeing's internal incubator program known as the Chairman’s Innovation Initiative and for 
value-creating strategies around spin-in business opportunities built on Boeing technologies. He received 
a BA from Seattle Uiuvcrsity and a law degree from the Universilv' of IHigel Sound (now Seattle 
Universitv’ School of I.aw). At Boeing, he serves as the executive focal between Boeing and Tuskegec 
I'nivcrsity. In 2003. Mr. .Adams received the C'hairman's .Award at the annual Black Engineer of the Year 
.Aw ards Conference. He is involved in a broad array of professional and community organ! zjitioas. 

ROBER T J. AIKEN is the director of engineering for Cisco's International .Academic Research and 
Technology Initiatives (AR'Il). He manages a team of Internet and netw ork technolog}i e.xpcrts who help 
to identifv'. define, and develop Cisco's next-generation Internet strategy and technologies via Cisco’s 
university research and advanced network research infrastructure programs. He helped to design and 
deploy the IX'partmeni of Energy's (IX>E) international multi-protocol Energv' Sciences Network and was 
the National Science Foundation's (NSF) manager for and coauthor of the NSE's very high performance 
Backbone NetwcHk Service and Network .Access Points architecture, which commercialized the Internet 
in the early 1990s. He was a major contributor at both DOE and NSF to the development and 
implementation of the federal government's High Performance Computing and Communicatioas Council 
and Next Generation Internet program.^, specifically with respect to network research and distributed 
systems. With Javad Boroumand. he is responsible for Cisco's leadership role in the National Lambda 
Rail. He has also been an assistant professor of computer science and a college information technology' 
director, and he serves on the National Research Council's Transportation Research Board Subcommittee 
on Telecommuting and Internet 2's Indasirv .Advisory' Council. 

RON'.ALI) M. .\*ri..AS is the graduate dean, professor of biology, and codirector of the Center for the 
IXlcrrcnce of Biowarfare and Bioterrorism at the University of Louisville. He has his BS from the Stale 
University of New York at Stony Brook and his MS and PhD from Rutgers University. He was a 
postdoctoral fellow at the Jet lhx)pulsion Laboratory', where he worked on Mars life detection. He is a 
member of the Department of Homeland Security Science and Technology' .Advisoiy Committee, the 
National .Aeronautics and Space Administration's Planetary' Protection Board, and the Federal Bureau of 
Investigation's Scientific Working Group on Microbial Genetics and Forensics. He previously served as 
president of the .American Society' for Microbiology (ASM), cochaired the .ASM Task Force on 
Biological Weapons, and was a member of the National Institutes of Health Recombinant DNA .Advisory 
committee. His early re.search focused on oil spills, and he di.scovered bioremediation as part of his 
doctoral studies. Later, he turned to the molecular detection of pathogens in the environment, w hich forms 
the basis for biosensors to detect biothreal agents. He is the author of nearly 300 manuscripts and 20 
books. He is a fellow of the .American .Academy of Microbiology' and has received the .ASM Award for 
.Applied and Environmental Microbiology', the .ASM Founders .Award, and the Edmund Youde 
Lectureship .Award in Hong Kong. He regularly advises the US government on policy issues related to the 
deterrence of bioterrorism. 

P.Vl'L AA'F!RA' is professor of physics at the University of Florida. He received his PhD in high- 
energy' physics from the l.^nivcrsily of Illinois in 1980. His research is in experimental high-energy 
physics and he participates in the CLEG experiment at C'omell University and the Compact Muon 
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Solenoid experiment at CERN, Geneva. Aven.’ is the director of two National Science Foundation (NSF)- 
funded Grid projects. Grid Physics Kehvorks, and the International \ irtual Data Grid Lahoratoiy. Both 
are collaborations of computer scientists, physicists, and astronomers conducting grid research applied to 
several frontier experiments in physics and astronomy with ma.ssive computational and data needs. He is 
co-principal investigator of the NSF-funded projects. Center for High Energ>’ Physics Research and 
Education Outreach and CItraLight, and is one of the principals seeking to establish the Open Science 
Grid. 

GARY B.VC HI LA is the vice president for external relations for Intemet2. He lias substantial 
government and not-for-profit experience and an extensive histoiy of leadership in technologx’ 
development. Most recently. Dr. Bachula served as acting under sccretaiy of commerce for lechnologj at 
the tJS Department of Commerce, where he led the formation of govemment-indusliy' partnerships 
around such programs as GPS and the Partnership for a New Generation of Vehicles. As vice president 
for the C'on.sortium for International Earth Science Information Network (CIKSIN) from 1991 to 1993, he 
managed strategic planning and pn)gram development for the organization designated to build a 
distributed information networi; as part of the National Aeronautics and Space Administration's (NAS.A) 
Mission to Planet Earth. From 1986 to 1990, he chaired the Michigan governor’s Cabinet Council, and 
from 1974 to 1986, he served as chief of staff to US Representative Bob Traxler of Michigan and advised 
on appropriations for N.ASA, Environmental Protection Agency, the National Science Foundation, and 
other federal R«&D agencies. !>. Bachula holds undergraduate and law (JD) degrees from I larvard 
University. He served at the Pentagon in the US Army during the N'ietnam war. 

(.'AKOLVN K. K.V( 'ON is e.xecutive director of the O'Donnell Foundation in Dallas. 'Hie purpose of 
the foundation is to support qualitv education, especially in science and engineering. She previously 
served as administrative assistant to former Senator John Tower of 1'exas. In 1989. she was appointed to 
the White House Education Policy and Advisorv' Council. IVesident George H.W. Bush also appointed 
her to the Board of the Corporation for Public Broadcasting, w here she served as chairman of the 
Education Committee. Texas Governor Clements appointed her to a b-year term on the Texas Higher 
Education Coordinating Board and former Governor George Bush named her the first chairman of the 
Telecommunications Infrastructure Fund Board of Texas. In 2003-2004 she serv ed as the governor's 
public member on the Texas Joint Select Committee on Public School Finance. Her board memberships 
include the National Center for Educational Accountability, the College of Computing at the Georgia 
Institute of Technology, .Advanced Placement Strategies, Inc. of Dallas, and the Foundation for the 
Education of Young Women. She is a member of the Junior League of Dallas and Charter 1 00 of Dallas. 
She holds a BA in political science from the College of William and Marv'. 

.VN’GKLA BEIA 'HF.K is the John Chipman .Associate Professor of Materials Science and Engineering 
and Biological Engineering at the Massachusetts Institute of Technology. She is a materials chemist with 
expertise in biomaterials, biomolecular materials, organic-inorganic interfaces, and solid-state chemistiy. 
She received her BS in creative studies with an emphasis in biochemistry and molecular biologv' and a 
PhD in inorganic chemistry from the University of California, Santa Barbara (UCSB). .After a year of 
postdoctoral research in electrical engineering at UCSB. Dr. Belcher joined the laculty at the University 
of Texas at .Austin in the IJepartment of Chemistrv' and Biochemistry in 1999. Her interest focuses on 
interfaces, including the interfaces of scientific disciplines and the interfaces of materials. Dr. Belcher and 
her students have pioneered a novel, noncovalent self-organizational approach that uses evolutionarily 
selected and engineered peptides to recognize and bind electronic and magnetic building blocks. She was 
recently awarded an annual Mac.Arthur Foundation Fellowship. Her recent awards include the 2004 Four 
Star General Recognition .Award (US .Army), 2(X)3 Top 10 Innovators Under 40 (Fortune magazine), the 
2002 World Technologv' Award (Afatenals magazine), 2002 Popular Science Brilliant Ten. and 2002 
Technology Review Top 100 Inventors. In 2002, she w as named as one of 12 women expected to make 
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the biggest impact in chemisln' in the next centur>' by Chemical and Engineering News and was runner- 
up for InnoN ator of the Year and runner-up for Researcher of the Year by Small Times Magazine, and 
finalist for Scientist of the Year by IVired nxigazine. She is a 2001 Packard Fellow, 2001 Alfred P. Sloan 
Research Fellow, and has received the 2000 I^esidential Early Career Award for Science and 
Engineering, 2000 Heckman Young Investigator Award, 1999 HuPont Young Investigator Award, and a 
1999 Army Research Office Young Investigators Award. 

SrSAN BKU.VRDI worked in management andc*mployee de\elopment for nearly lOyears before 
leaving corporate America to become a full-time mother of three young boys. At such companies as FMC 
Defense Systems, Motorola, and IDX Systems Corporation, she worked with managers and technical 
teams to improve the intangible assets that drove performance and bottom-line results. In addition to one- 
on-one executive coaching, she facilitated and trained numerous technical teams to resolve customer- 
service and team-performance issues that were hindering company profitability. She also designed 
selection and retention programs to attract and keep best-in-class technical and managerial talent. As an 
independent consultant, Ms. Herardi provided leadership training and facilitation for several start-up 
technology companies in Massachusetts and California. She has been a guest speaker for the Society of 
C'oncurrent Engineering and the International Council on Systems Engineering. Most recently, Ms. 
Derardi has been working pro bono for the Reading and North Andover School Districts in 
Massachusetts, facilitating administrative retreats and bringing teachers and parents together to improve 
student reading, mathematics, and arts capabilities. She worked with school administrators to create a tool 
to measure and improve the return on investment of a school district. She has also w ritten several articles 
on behalf of these schools in an efTort to educate ta.xpayers on budget and curriculum issues, special- 
education costs and legal requirements, and the importance of foreign languages and the arts in early 
education. Ms. Derardi has an MA degree in labor relations and a DA from the Universit>' of Illinois. 

RON BLAC'KNN'ELL is chief economist of the American Federation of Labor and Congress of 
Industrial Unioas ( AFL-CIOX where he coordinates the economic agenda of the federation and represents 
AFL-CIO on corporate and economic issues affecting American workers and union strategies. From 1996 
to 2004, he was the director of the AFL-CIO Corporate Affairs Department. Before coming to the AFL- 
CIO, Mr. Blackwell was assistant to the president of the .Amalgamated Clothing and Textile Workers 
l/nion and chief economist of UNITE. Before joining the labor movement, he was an academic dean in 
the Seminar College of the New School for Social Research in New York, where he taught economics, 
politics, and pliilosophy. Mr. Blackwell represents the American labor movement on the Economic Policy 
Working (iroup of the Trade Union Advisorv’ Committee to the Organisation for Economic Co-Operation 
and Development (OECD) and participated in formulation of the OECD Principles of Corporate 
Gcn'ernance and the recent review of the OECD Guidelines for Multinational Enterprises. He serv^es on 
the Board of Directors of the Industrial Relations Research Association; the Research Advisory’ Council 
of the Economic Policy Institute: the Board on Manufacturing and Engineering Design of the National 
Academics; the advisory* boards of the Jackson Hole Center for Global Affairs and the International 
Center for C’orporate Governance and .Accountability at the George Washington I’niversity Law School; 
and the Editorial Boards of Perspectives on IVork and the New Labor Fomm. lie recently received the 
Nat Weinberg Award from the Walter P. Reuther Library for service to the labor movement and social 
justice. He is author of "Corporate Accountability or Business as Usual", in A'lew Labor Forum (summer 
2003) and "Globalization and the .American Labor Movement" in the book edited by Steve Fraser and 
Joshua Freeman, Audacious Democracy: Labor. Intellectuals and the Social Reconstruction cf America. 
He is also coeditor of Worldly Philosoptry: Essays in Political and Historical Economics, a fesLschrifl for 
Robert Ileilbroner. 

ROLF K. BL.AN'K is director of education indicators at the Council of Chief State School Officers 
where he has been a senior staff member for 17 years. He is responsible for developing, managing, and 
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reporting a $>’stcni of $tatc*by*slalc and national indicators of the condition and qualit>' of education in 
public schools. Dr. Blank is directing the council's work with the US l^epartment of Education on state 
education indicators and accountabilitv systems, which provides annual trend.s for each state on studemt 
outcomes, school programs, and staff and school demographics. In addition, he is directing a 3-year 
e.vperimcntal design study on improving effectiveness of instruction in mathematics and science with data 
on eiucted surriculum. supported bv’ the Natioiul Science Foundation. Me coordinates two state 
collaborative projects - one on accountability systems and one on surveys of enacted curriculum that 
provide technical assistance and professional development to state education leaders and staff In his 
coutKil leadership role. Blank collaborates with state education leaders, researchers, and professional 
organizations in directing program-evaluation studies and technical-assistance projects aimed at 
improving the quality of K-12 public education. He holds a PhD from Morida State Universitv' and an 
MA from the University of Wiscon.sin- Madison. 

(*R.VICr BIvl'K |N.AE| is a Distinguished Research Engineer and the group leader of the Materials 
Processing Group of the Metals and Ceramics Division at Oak Ridge National Laboratoiy (ORNL). He 
received his PhD in materials science from the University of Cincinnati and finished his studies w hile 
under a National Aenmautics and Space .Administration (N.ASA) Fellowship at NASA Lewis Research 
Center. He came to ORNX in March IS^S, where he initiated and developed the Infrared Processing 
Center in the Materials Processing Group. 'Hie center has projects with the Defense .Advanced Research 
Projects .Agency, the US .Army, Department of Energ>’, N.ASA, and indusirv . Hie center has two of the 
most powerful plasma arc lamps in the world and has enabling technologv' of functionalization of 
nanomaterials with collaborations across the laboratorv' and across the l.'nited States. I>. Blue has been 
instrumental in the revitalization and evolution of the Materials Processing Group, became group leader 
in Januarv' 2004. and is developing a new .Advanced Materials Processing Laboratorv* and associated 
programs. He has over 60 open-literature publications, five patents, and 60 technical presentations. He has 
received numerous honors, including an R&D 100 .Award on the development of advanced infrared 
heating, and LT Battelle EHstinguished Engineer of the Year. He w as selected to attend the National 
.Academy of Engineering's Ninth .Annual Symposium on Frontiers of Engineering in 2003, and the 
International Symposium on Frontiers of lingineering in Japan in 2004. He serves on the steering 
committee for the National .Space and Missile Materials Symposium and on a technical board for the Ne.Yl 
Generation Manufacturing Initiative. He is w orking with colleagues in the evolution of an enabling pulse 
thermal processirtg technique for flexible electronics, titanium processing, and bulk amorphous materials. 

.SUS.-VN BUTTS is the director of external tcchnolog>- at the 13ow Chemical (’’ompany. She is 
responsible for Dow's sponsored research programs at over 1 SO universities, institutes, and national 
laboratories worldwide and for Dow’s contract research activities with US and European government 
agencies. She also hold.s the position of global stalling leader for R&D with responsibilitv* for recruiting 
and hiring programs. Before joining the extemal-technologv* group. Dr. Butts held several other positioas 
at Dow, including senior resource leader for atomic spectroscopy and inorganic analy.sis in the .Analytical 
Sciences Laboratoiy. manager of I^D hiring and placement, safety and rcgulaloiy afTairs manager for 
Central Research, and principal investigator on various catalysis research projects in Central Research. 

ROIXiKRAV. BA BKK is executive director of the Biological Sciences Curriculum Studv' (BSCS), a 
nonprofit organization tliat develops curriculum materials, provides professional development, and 
conducts research and evaluation for the science-education community. Before joining BSCS, he was 
c.xecutive director of the National Research Council's Center f<>r Science, Mathematics, and Engineering 
Education. Between 1986 and 1S>95, he was associate director of BSCS. By bee participated in the 
development of the National Science Education Standards, and in 1993-1995 he chaired its content 
working group. .At BSCS, he was principal investigator for four new National Science Foundation (NSF) 
programs: the elcmentarv -school program. .Science for Life and Living: Integrating Science. Technology, 
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and Health; the middle school program. Middle School Science and Technology'; the high-school biology 
program Biological Science: A Human Approach, and the college program. Biological Perspectives. His 
work at BSCS also included serving as principal investigator for programs to develop curriculum 
frameworks for teaching about the history and nature of science and technology in high schools, 
community colleges, and 4-vear colleges and curriculum reform based on national standards. From 1990 
to 1 992, Dr. Bybce chaired the curriculum and instruction study panel for the National Center for 
Improving Science Education (NCISE). From 1972 to 1985, he was professor of education at Carleton 
College in Northficld. Minnesota. He has taught science in the elementary school, junior and senior high 
school, and collie. Dr. Bybec has written widely in education and psychology. He is coauthor of the 
leading textbook. Teaching Secondary School Science: Strategies for Developing Scientific Literacy. His 
most recent book '\s Achieving Scientific Literacy: From Purposes to Practices, published in 1997. He has 
received several awards, including Leader of American Education and Outstanding E^ducator in America, 
in 1979 he was Outstanding Science Educator of the Year, and in 1998 the National Science Teachers 
Association presented him its Distinguished Service to Science Education .Award. 

PIKRRE CHAO is a senior fellow and director of defense industrial initiatives at the Center for 
Strategic and International Studies (CSIS). Before joining CSIS, Mr. Chao was a managing director and 
senior aerospace-defense analyst at Credit Suisse First Boston (CSFB) in 1999-2003, where he was 
responsible for following the US and global aerospace-defense industry. He remains a CSFB senior 
adviser. Before joining CFSB, he was the senior aerospace-defense analyst at Morgan Stanley I3ean 
Witter in 1995-1999. He served as the senior indastry analyst at Smith Barney during 1994 and as a 
director at JSA International, a Boston and Paris-based management-consulting llrm that focused on the 
acFOspacc-dcfcmc industry (1986-1988 andl990-!993).Mr. C'hao was also a cofoundcr of JS.A Research, 
an equity research boutique specializing in the aerospace-dcfen.se industry. Before signing on with JS.A, 
he worked in the New York and London offices of Prudential-Bache Capital Funding as a mergers and 
acquisitions banker focusing on aerospace and defense (1988-1990). Mr. Chao garnered numerous awards 
while working on U'all Street. Institutional Investor ranked his team the number 1 global aerospace- 
defease group in 2000-2002, and he was on the Institutional Investor .All-.America Research Team every' 
year he was eligible in 1996-2002. He was ranked the number 1 aerospace-defease analyst by 
corporatioas in the 1998-2000 Reuters Polls, and the number 1 aerospace-defense analyst in the 1995- 
1999(frcenwich .As.sociatcs polls and appeal’d on the Wall Street Jcnirna! All-Star list in four of seven 
eligible years. In 2(K>0. Mr. Chao was appointed to the Presidential Commission on Offsets in 
International Trade. He is also a guest lecturer at the National I3cfease University and the Defense 
.Acquisition University. He has been sought out as an expert analyst of the defense and aerospace industry 
by the Senate Committee on .Armed Services, , the House Committee on Science, the Office of the 
Secretary of Defense. Department of Defense (DoD) Defense Science Board, the .Army Science Board, 
the National .Aeronautics and Space .Administration, the French General Delegation for .Armament. North 
.Atlantic Treaty Organizatioa and the .Aerospace Industries .Association Board of Governors. Mr. Chao 
earned dual BS degrees in political science and management science from the Massachusetts Institute of 
Technology. 

P.VUL CiTRON (N.AE^] retired as vice president of Technology Policy and .Academic Relations at 
Medtronic, Inc. in 2(X)3 afier 32 years with the company. I tis previous position was vice president of 
science and technology; he had responsibility for corporation-wide assessment and coordination of 
technology initiatives and for priority-setting in corporate research. C'itron was awarded a BS in electrical 
engineering from Drexcl University in 1969 and an MS in electrical engineering from the University of 
Minnesota in 1972. He was elected to the National .Academy of Engineerirtg in 2003 for "innovations in 
technologies for monitoring cardiac rhytltm and for patient-initialed cardiac pacing, and for outstanding 
contributions to industry-academia interactioas”. Mr. Citron was elected founding fellow of the .American 
Institute of Medical and Biological Engineering in January 1993, ha.s twice won the .American College of 
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Cardiolog>' Governor's Award for Excellence, and in 1980 was inducted as a fellow of the Medtronic 
Bakkcn SocicK, the company's highest technical recognition. He has written numerous publications and 
holds eight US medical-device patents. In 1980, he was given Medtronic's Invention of I>istinction award 
for his role as coinventor of the lined pacing lead. He has been a visiting professor at Georgia Institute of 
Technology and the I'niversity of California. San Hiego w here he taught corporate entrepreneurship. 

RK H.VRI) T.f T PUT is a senior consultant to MK f and a scholar-in-residence in the School of 
Intematiotul Service of American University. He served as the special adviser to the under secretary of 
commerce for indastrv' and securit>'. Before joining the Department of Commerce in January 2002, Dr. 
Cupitt worked as the associate director and ^\'ashington liaison for the Center for International frade and 
Securitv' of the Universitv’ of Georgia, and as a visiting scholar at the Center for Strategic and 
Intematiorul Studies in Washington. IX'. I>r. Cupitt received liis PhD from the University of (rcoqpa in 
1985 and taught at Emory Universitv' and the Universitv' of North Texas before returning to the Universil>' 
of Georgia. In addition to his most recent book. Reluctant Champions: U.S. Presidential Policy and 
Strategic Export Controls— Truman, Eisenhower, Bush and Clinton (Routlcdge, 2000X Cupitt has 
coedited two books on export controls and is a coauthor of a forthcoming book. His articles on export- 
controls have appeared in many scholarly jounuls. He has contributed to the w ori of several national 
studv' commissions, served on US delegations to international export control conferences, and regularly 
testilied before Congress on e.xport controls. Dr. Cupitt has conducted heldwork on export controls in 
more than a dozen countries and has served as a consultant to Lawrence Livermore National Laboratoty, 
.\igonne National {.aboratory, and the Organisation for Economic Cooperation and IXvelopmenl. I>r. 
Cupitt is a former governor's fellow with the Georgia World Congress Institute and a National Merit 
SclK>lar. 

IIAI-Ll'NG D.M is the Hirschmann-Makineni Chair Professor of Chcmi.stiy at the Univeisitv' of 
Penasylvania. He came to the Universitv- of California, Berkeley for graduate studv' in 1976 after 
graduating from the National Taiwan University and militarv' service. Dai did postdoctoral research at the 
Ma.ssachusctts Institute of Technology. He joined the University of Pennsylvania facultv' as assistant 
professor in 1984. and was promoted to full professor in 1992. He served as chairman of the Chemistry 
Department from 1996-2002. In addition to his academic appointment. Dr. Dai currently holds a 
gubernatorial appointment in the Pennsylvania State Board on ITrugs, Devices and Cosmetics. He is a 
fellow of the .American Physical Society and is chair-elect of its Chemical Physics Division. Dr. Dai has 
published more than 140 papers in molecular and surface sciences. His major research accomplishments 
include the discoverv' of the dominating contribution of long-range interactions in collision energy 
transfer, the development of Fourier transform spectroscopy with fast time resolution and multiple- 
resonance spectroscopy for detecting uastable molecules and transient radicals, and the development of 
nonlinear optical techniques for probing molecule-surface interactions. He has received many honors, 
including the Coblentz Prize in Molecular Spectroscopy, the .Morino Lectureship of Japan, the .American 
Chemical Societv' Philadelphia Section Award, and a Guggenheim Fellowship. In 2000, 1>. Dai 
established a pioneering master's degree program at the University of Pennsylvania for inservice high- 
school chemistry teachers to receive content-intensive training. In 2004, the program became the Penn 
Science Teacher Institute w ith Dr. Dai as director, and the Institute enlarged to include middle-school 
teachers. 

C’H.VD EV.\NS is vice president of the Council on Competitiveness National Innovation Initiative 
(MI), a private-sector effort aimed at developing and implementing a national innovation agenda for the 
United States. Cochaired by IBM Chairman and Chief Executive OlEccr Samuel J. Palmisano and 
Georgia Institute of Technology Ihvsident G. Wayne Clough, the MI involves the active participation of 
nearly 400 innovation thought-leaders and stakeholders across the country. Mr. Evaas also speatlreads the 
council's benchmarking efforts, including its flagship publication. The Competitiveness Index, chaired by 

PRFi-Pl'BLICA'nON VP^RSION .Appendix C- 19 Febniarv' 2006 Edition 



334 


Michael Porter, of the Han- ard Business School. Mr. Ev ans’ work at the council has focused on 
understanding the globalization of R&O investments, assessing the strengths and weaknesses of the US 
innovation platform, and benchmarking national innovative capacities in developed and emei^ing 
economies. He was a senior associate with the Council during the 1990s and returned to the Council and 
Washington, DC, aRer a stint in Dcloittc & Touche’s National Research and .Analysis Office, where he 
provided the firm’s senior leadership with daily competitive-intelligence briefings. He holds a MS in 
foreign service from the Georgetown Universitv' School of Foreign Service, w ith an honors concentration 
in international business diplomacy from Georgetown’s I.andegger Program, and a B.A from Emoiy 
Universifv’. 

JO.W FERRIM-MI NDV is associate dean for science and mathematics education and outreach in 
the College of Natural Science at Michigan State University (MSU). flcr faculty appointments arc in 
mathematics and teacher education. She holds a PhD in mathematics education from the Universitv- of 
New Hampshire and was a faculty member in mathematics there in 1983-1995. ]>. Ferrini-Mundy taught 
mathematics at Mount Holyoke College from 1982-1983, where she cofounded the Summer Math for 
Teachers program. She served as a visiting scientist at the National Science Foundation in 1989-1991. 

She has chaired the National Council of Teachers of Mathcmatics'(NCTM) Research Advisory 
C'ommittee and the .American Educational Research .Association in Special Interest Group for Research in 
Mathematics Education, and she was a member of the NCTM Board of Directors. Dr. Ferrini-Mundy 
came to MSU in 1999 from the National Research Council's Center for Science. Mathematics, and 
Engineering Education, where she served as director of the .Mathematical Sciences Education Board. Her 
research interests are in calculus learning and K-14 mathematics-education reform. She chairs the writing 
group for Standards 2000, the revision of the NCTM standards. 

KFv.NNFyiTI FL.A.M.M is the Dean Rusk Professor of International .Affairs at the Lyndon B. Johnson 
School of Public Affairs at the University of Texas at .Austin. EarlicT. he w orked at the Brookings 
Institution in Wasliington, DC, where he served for 1 1 years as a senior fellow in the Foreign Policy 
Studies Program. He is a 1973 honors graduate of Stanford University and received a PhD in economics 
from the Massachusetts Institute of fechnologv' in 1979. From 1993 to 1995, Dr. Mamm served as 
principal deputy a.ssi$tant secretary of defense for economic $ccurit>' and special assistant to the deputv' 
secrctarv' of defense for dual use technology policy. He was awarded the departmenfs Distinguished 
Public Service Medal by Defense Secrctaiy William J. Perrv- in 1995. Dr. Mamm has been a professor of 
economics at the Instituto Tecnologico de Mexico in Mexico Cit>\ the University of Massachusetts, and 
George Washington University. He has also been an adviser to the director general of income policy in 
the Nlexican Ministn, of Finance and a consultant to the Organisation for Economic C'o-operation and 
Development, the World Bank, the National Academy of Sciences, the Latin .American Economic 
System, the US l>epartment of Defense, the US Department of Justice, the US .Agency for International 
Development, and the Office of I'echnology .Assessment of the US Congress. He has played an active role 
in the National Research Council’s committee on Govemment-Industiy Partnerships and played a key 
roie in that committee's review of the Small Business Innovation Research l^ogram at the Department of 
Defense. Dr. F1amm has made major contributions to our understanding of the growth of the electronics 
industry, with a particular focus on the development of the computer and the US semiconductor industry. 
He is working on an analytic studv- of the post-Cold War defense industrial base and has e.xpert 
knowledge of intematiorul trade and high-technologv' industry issues. 

BRl^C'Fy Fl'C'IIS, an immunologist who did research on the interaction between the brain and the 
immune system, is the director of the National Institutes of I lealth (Nil I) Office of Science Education. Dr. 
Fuchs directs the creation of a scries of K-12 science-education curriculum supplements that highlight the 
medical research findings of NIH. The supplements are designed to meet teacher educational goals as 
outlined in the National Science Education Standards and are available free to teachers across the nation. 
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Ilic office is also creating innov ative science and career-education Web resources that will be accessible 
to teachers and students with a varietv' of disabilities. Before coming to Kill, Dr. Fuchs was a researcher 
and teacher at the Medical College of \'irginia with grant support from the National Institute of Mental 
Health and the National Institute on Drug Abuse. He has a BS in biology from the University of Illinois 
and a PhD in immunology from Indiana State University'. Dr. Fuchs has oiganized and participated in 
numerous science-education outreach efforts directed at students, teachers, and the public. Dr. Fuchs has 
organized more than a dozen "Mini-Med School" and "Science in the Cinema" programs for the public 
and Congress since his arrival in at NIH. 

KLSA M. (»ARMIRK [NAE] is Sydney E. Jenkins I’rofessor of Engineering at Dartmouth College 
She received her .-XB at Harvard and her PhD at the Massachaselts Institute of Technology, both in 
physics. Afier postdoctoral work at the California Institute of Teclmolog>’, she spent 20 years at the 
University of Southern California, where she was eventually named William Hogue Professor of 
Electrical Engineering and director of the Center for l^ser Studies. She came to Dartmouth in 1995 and 
serv ed 2 years as dean of Thayer School, .\uthor of over 250 journal papers and holder of nine patents, 
she has been on the Editorial Boards of five technical journals. Dr. (iarmire is a member of the National 
.Academy of Engineering and the .American Academy of .Arts and Sciences and a fellow of the Institute of 
Electrical and Electronic Engineers, the American Physical Society', and the Optical Sociel>' of America, 
of which she was president; she has served on the boards of three other professional societies. In 1 994, 
she received the Societ>' of Women Engineers .Achievement Award. She has been a Fulbright senior 
lecturer and a visiting faculty member in Japan. .Australia, Germany, and China. She has been chair of the 
National Science foundation (NSF) .Advisoiy Committee on Engineering Technolog>' and served on the 
NSF .Advisory' Committee on Engineering and the .Air Force Science .Advisory' Board. 

ALICE P. CJAST is the Robert T. Haslam Professor in the Department of Chemical Engineering and 
the vice president for research and associate prov ost of the Massachusetts Institute of l echnology. Until 
2001. she was a professor of chemical engineering at Stanford University', and professor of the Stanford 
Synchrotron Radiation laboratory' and professor, by courtesy, of chemistr>' at Stanford. Dr. Oast earned 
her BS in chemical engineering at the Universit)' of Southern California in 1980 and her PhD in chemical 
engineering from Princeton University' in 1984. She spent a pc)std(Ktoral year on a North .Atlantic frealy 
Organization fellowship at the Ecolc Superieure de Physique el dc ('himie Industriclles in Paris. She was 
on the faculty' at Stanford from 1985 to 2001 and returned to Paris for a sabbatical as a John Simon 
Gi^genhcim Memorial Foundation Fellow in 1991 and to Munich. Germany, as a Humboldt Fellow in 
1999. In I>r. Gast's research, the aim is to understand the behav-iorof complex fluids through a 
combination of colloid science, polymer physics, and statistical mechanics. In 1992, she receiv ed the 
National .Academy of Sciences .Award for Initiative in Research and the ('olbum .Award of the .American 
Institute of Chemical Engineers. She was the 1995 Langmuir Lecturer for the .American Chemical 
Societ>'. Dr. Cast is a member of the .American .Academy of .Arts and Sciences. She served as a member 
and then cochair of the National Research Council's Board on C'hemical Sciences and Technology and 
now serves on the Division on Earth and Life Studies Committee. She also serves on the Homeland 
Security Science and Technology .Advnsoiv' Committee. 

.M.R.C. (iREEN\\’(X)l) |10M) is provost and senior vice president for academic affairs for the 10- 
campus University of California (UC) system. She previously served as chancellor of UC, Santa Cruz, a 
position she held from July 19% to March 2004. In addition to her administrative responsibilities, Dr. 
Cireenwood holds a UC, Santa Cruz appointment as professor of biology. Before her UC Santa Cruz 
appointments. I>r. Greenwood served as dean of graduate studies, vice provost for academic outreach, and 
professor of biology and internal medicine at UC, Davis. Previously, she taught at Vassar College, where 
she was the John Guv' Vassar Professor of Natural Sciences and chair of the Biology Department. I>r. 
Greenwood is a member of the Institute of Medicine, a fellow of the California .Academy of Sciences, and 
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a member of (he Hoard of I>ircctors of the California Healthcare Institute. She is a fellow and pa.st 
president of the American Association for the .Advancement of Science and a member of the Hoard of 
I>ircctors of the National A.ssociation of State Universities and Land-Orant Colleges. Among her 
numerous distinctions, she was a member of (he National Oceanic and Atmospheric Administration 
Science Advisorv- Hoard and of the Task Force on (he Future of Science l^ograms at (he US IX*partmcni 
of F.ncrgV'. She is a former member of the National Science Hoard and the I.aborator>' Operations Hoard 
of the US Department of Flncrgv' . She was chairman of the National Research Council's Office of Science 
and Engineering Policy Advisory Board and now serves as chair of its Policy and (ilobal Aff airs 
Division. She is a member of (he National Commission on W’ritii^ in American's Schools and Colleges, 
appointed by the College Board. From November 1993 to May 1995, !>. (ireemvood was a.ssocialc 
director for science at (he Office of Science and Tcchnologv’ Policy. In that position, she supervised (he 
Science Division, directing budget development for the multi-billion dollar fundamental-science national 
effort and development of science-policy documents, including Science in the National Interest. She was 
also responsible for interagency coordination, cochaired two National Science and Technology Council 
committees, and provided advice on a $17 billion budget for fundamental science. I>r. Greenw ood 
graduated summa cum laude from Vassar College and received her Phi) from the Rockefeller University'. 
Her research interests are in developmental cell biology, genetics, physiology, nutrition, and science and 
higher-education policy. 

IIFTDI K. ll.VM.M is the Earl W*. Sutherland. Jr., Professor and chair of pharmacology at A'andcrbilt 
University. Hamm obtained her PhD in zoology in 1980 from the l.'niversity of Texas- Austin and 
performed her postdoctoral training at the University' of W'isconsin-Madison from 1980 to 1983. Her 
initial research centered around circadian clocks and melatonin synthesis in the avian retina; her 
postdoctoral work investigated the role of transducin in visual transduction using blocking monoclonal 
antibodies. She held faculty appointments at the University of Illinois at Chicago School of Medicine and 
Northwestern University before moving to Vanderbilt in 2000 to chair the Department of Pharmacology. 
Hamm studies a specific mechanism of neuronal communication known as G-protein signaling. G- 
protein-mediated signaling is a critical part of biologic function in the brain and other body systems. 
Because many pharmaceuticals are targeted to G-protcin signaling cascades, gaining a better 
understanding of their function is crucial to developing more efficient treatments and designing better 
drugs. Her research focascs on (he structure and function of guanine triphosphate binding proteins and (he 
molecular mechanisms of signal transduction. IX. Hamm has received numcnius awards, including the 
Gla.xo Cardiovascular I>iscovcry Award, two IJistinguished Investigator .Awards from the National 
.Alliance for Research in Schizophrenia and Depression, the Faculty of the Year aw ard from the 
University of Illinois College of Medicine, and the Stanley Cohen .Aw ard '‘For Research Bringing Diverse 
Disciplines, such as Chemistry or Physics, to Solving Biology's Most Important Fundamental Problems" 
from Vanderbilt University in 2003. She gave the Fritz I.ipmann Lecture at the .American Society for 
Biochemistry and Molecular Biology (ASBMB) in 2001. She is president-elect of the .ASB.MB; she 
previously served as the organization's secretary' (1995-1998) and program chair (1998). She has served 
on the Editorial Boards of \)\c Journal of Biological Cltemistry\ Biochemistry, and Investigative 
Ophthalmology anJ V'isual Science. She is a member of the Editorial Boards of Molecular Pharmacology 
and \\\c American Journal (^Physiology • Lung Cellular and Molecular Physiology. She was a member 
of the Scientific .Advisory* Board of Medichem Life Sciences in 2(K)0-2002. She is a founder and member 
of the Scientific .Advisory Board of cue Biotech. 

WILLI. VM II.APFLU [N.AS) is a professor in the Department of Physics at Ihinceton University'. He is 
a specialist in modem optics, optical and radiofrcxiuency spcctmscopy of atoms and molecules, and spin- 
polarized atoms and nuclei. He received a DS in physics from the University of North Carolina in I960 
and a PhD in physics from I^ncelon University in 1964. IX. Happer began his academic career in 1%4 at 
Columbia University as a member of the research and teaching staff of the Physics Department. While 
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sening as a professor of physics, he also served as codirector of the Columbia Radiation Laboratoiy- from 
1971 to 1976 and director from 1976 to 1979. In 1980, he joined the faculty at Princeton University. He 
was named the Class of 1909 Professor of Physics in 1988. In 1991,, he was appointed director of energ>' 
research in the department of energy (IX)E) by President Hash. While serving in that capacity under 
Sccrctaiy of Encrg>’ James Watkins, he oversaw a basic research budget of some $3 billion, which 
included much of the federal funding for high*energ>' and nuclear physics, materials science, magnetic 
confinement fasion, environmental science, biology, the Human Genome Project, and other work. He 
remained at IXJE until 1993 to help during the transition to the Clinton administration. He was 
reappointed professor of physics at Princeton Universitv' on in 1993 and named Eugene Higgens 
Professor of Physics and chair of the Universitv' Research Board in 1995. Dr. I lapper has maintained an 
interest in applied, as well as basic, science and has served as a consultant to numerous firms, charitable 
foundations, and government agencies. From 1987 to 1990, he served as chairman of the Steering 
Committee of JASON, a group of scientists and engineers w ho advise agencies of the federal government 
on defense, intelligence, energy policy, and other technical matters. He is a trustee of the NflTRE 
Corporation and the Richard Lounsberv' Foundation and a cofounder in 1994 of Magnetic Imaging 
fechnologies Incorporated (MITI), a small companv’ specializing in the use of laser polarized noble gases 
for magnetic resonance imaging. MlTl was purchased by Kycomed Amersham in 1999. IJr. Happer is a 
fellow of the .American Physical Society and the American .Association for the .Advancement of Science, 
and a member of the .American .Academy of .Arts and Sciences, the National .Academy of Sciences, and 
the .American Philosophical Societ>’. He was awarded an .Alfred P. Sloan Fellowship in 1966, an 
.Alexander von I lumboldt Award in 1 976, the 1997 Hroida Prize and the 1 999 Davisson-Germer Prize of 
the .American Physical Society, and the lliomas .Alva Edison Patent .Award in 200(). 

D.ANIKL HAS riNCfS is professor of aeronautics and astronautics and engineering systems at the 
Massachasetts Institute of Teclutology (NUT). 1 le joined the MIT faculty as an assistant professor in 
1985, advancing to associate professorin 1988 and full professor in 1993. He earned a PhD and an SM 
from MIT in aeronautics and astronautics in 1980 and 1978, respectively, and received a BA in 
mathematics from Oxford University, England, in 1976. Dr. Hastings served as chief scientist to the US 
.Air Force from 1997 to 1999. In that role, he served as chief scientific adviser to the chief of staff and the 
secretary and provided assessments on a w ide array of scientific and technical issues affecting the .Air 
Force mission. I le led several influential studies on where the Air Force should invest in space, global 
encrg,v projection, and options for a science and technology workforce for the 21st centurv'. Dr. Hastings' 
recent research has concentrated on space systems and space policy and on issues related to spacecraft- 
environment interactions, space propulsion, space-systems engineering, and space policy; and he has 
published many papers and a book on those subjects. He has led several national studies on government 
investment in space tcchnologv'. Dr. Hastings is a fellow of the .American Institute of .Aeronautics and 
.Astronautics and a member of the International .Academy of Astronautics. I le is a member of the National 
Science Board and of the .Applied Physics l.aboratoiy Science and Teclmotog>' .Advisoiy Panel, and the 
chair of .Air Force Scientific .Advisorv' Board. He is a member of the MIT Lincoln Laboratoiy .Advisoiy' 
Committee and is on the Board of Trustees of the .Aerospace Corporation. He has served on several 
national committees on issues in national security space. 

ROBKR r HKRM.ANN is a senior partner of Global Technolog)' Partners, LLC, which specializes in 
investments in technology, defense, aerospace, and related businc.sses worldwide. In 1998, Hermann 
retired from United Technologies Corporation (UTCX where he held the position of senior vice president, 
science for and technologv'. In that role, he was responsible for ensuring the development of the 
company's technical resources and the full exploitation of science and technology by the corporation. He 
was also responsible for the United Technolc^ies Research Center. Hermann joined the company in 1982 
as vice-president for systems technology in the electronics sector and later serv ed in a series of 
assignments in the defense and space systems groups before being named vice-president for science and 
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technology. Before joining UTC, he served for 20 years with the National SecuritV' Agency with 
assignments in research and development, operations, and North Atlantic Treatv' Organization. In 1977, 
he was appointed principal deput>' assistant secretarv' of defense for communications, command, control, 
and intelligence. In 1979, he was named assistant secretary of the .\ir Force for research, development, 
and logistics and in parallel was director of the National Reconnaissance Office. He received his BS, MS, 
and PliD in electrical engineering from Iowa Stale University. 

KENT II. m CUES is the director of the Woodrow Wilson International Center for Scholar's Program 
on .Science, Technology. America, and the Global Economy. He served as US associate deputy secrclaiy 
of commerce from 1993 to 1999. He was also president of the Council on Compelitivcnesji, senior 
economist of the Congressional Joint Economic Committee, and chief economist to Senate \Iajorit>‘ 
Leader Robert C. Byrd. He is the author of Building the Next American Century: The Past and Future of 
American Economic Competitiveness. He holds a PhD in economics from Washington University in St. 
Louis, an LLB from Harvard Law School, and a BA from Yale University. 

MARK S. IIUMVVI N is profcs.sor of ophthalmology, biomedical engineering, and cell and 
neurobiology at the Universitv’ of Southern California (USC). He received his BS from Georgetown 
University in 1984. his MD from Duke Universitv- in 1989, and his PhD from the University of North 
Carolina-Chapel Hill in 1994. He finished his training by completing an ophthalmology residency at 
Duke and a fellowship in vitreoretinal diseases at Johns Hopkins Hospital. He stayed on as a faculty 
member at Jolms Hopkins and rose to the rank of associate professor before moving to USC in 2001 . 
Ilumayun is the director of USC's National Science Foundation Biomimeiic MicroElectronics Systems 
Engineering Research Center. He is also the codcvcloper of a retinal implant that has received wide 
attention for its potential to restore sight and is the director of the US Department of Encig>’ (DOE) 
.Artificial Retina Project that is a consortium of five DOE laboratories, four universities, and industiy. Dr. 
Ilumayun's research projects focus on the most challenging e>'e diseases; retinal degeneration, including 
macular degeneration and retinitis pigmentosa. He is a member of 1 1 academic organizations, including 
IEEE-Engineering in Medical and Biolog}- and Society, the Biomedical Engineering Society, the 
.Association for Research in Vision and ( >phthalmology, the .American Society of Retinal Specialists, the 
Retina Society-, the .American Ophthalmological Society-, and the .American .Academy of Ophthalmology. 
In the last S years, as a principal investigator, he has held multiple research grants from the National 
Science Foundation. DOE. and Second Sight, and oversight on three grants totalling $20 million in 
funding. He also holds three patents in the retinal prosthesis artilicial-vision field. Humayun has written 
more than 70 peer-re\'iewed papers and more than 19 chapters. He has been a guest speaker in 90 lectures 
around the worid. 

MADFJTvINF^ JACOBS has been executive director and chief executive officer of the .American 
C'hcmical Sticicty (ACS) since January 2004. Before then, she served for 8 '/j years as editor-in-chief of 
Chemical & Engineering News magazine, the w eekly new smagazine of the chemical w orld published by 
ACS, and 2 years as managing editor. She has held other senior management positions in a wide variety 
of scientific and educational organizations, including the National Institutes of Health, the National 
Institute of Standards and Technology, and the Smitlisonian lastitution. where she served as the director 
of public affairs. Her professional interests include trends in the chemical industry, the public image of 
chemistry-, employment trends, minority -group representation, and equality of the sexes in science. 

KIC 'HARI) JOHNSON is a senior partner in the Washington, DC office of Arnold & Porter, LLP. He 
specializes in legal, regulatory, and public-policy issues related to fundamental research, tecluiology, 
innovation and innovative strategic relationships, especially with respect to biotechnology and life 
sciences, nanotechnology-, and other emerging technologies; intellectual property, trade, and innovation 
matters; and research-university- and independent-research institute legal and policy- issues. He formerly 
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scn cd as general counsel for international trade at the US Department of Commerce, where he w as 
responsible for both trade-policy and intemalional-lechnolog>’ issues. Dr. Johnson has ser\ ed as a US 
delegate to numerous international trade, health-innovation, and intemational-technolog\’ meetings, and 
he has testified before the US Congress and international organi/.ations. In addition to receiving his JD 
from the Yale Law School, where he was editor of the Yale Law Journal, he received his MS from the 
Massachusetts Institute of Technology (MIT) where he wxs a National Science Foundation national 
fellow . He is a member of the MIT Corporation's Visiting Committee and several other universitv and 
think-tank advisoiy boards. I>r. Johnson serves as chairman of the Organisation for Economic Co- 
operation Development Business and Industry Advisory Committee Biotechnology Committee, vice 
chairman of the OECD Technologv’ and Innovation Committee, and cochair of its health irmovalion and 
nanotechnology task forces, and he participates on a wide range of advisory committees and task forces 
related to health innovation, intellectual-property and innovation policy, science and securitv*. and the 
globalization of research. 

R.\ND\’ H. K.\TZ [N.AEJ is the United Microelectronics Corporation Distinguished Professor in 
Electrical Engineering and Computer Science at the Universitv- of California, Berkclev-. He received his 
undergraduate degree from Cornell Universitv’ and his MS and PhD from the Universitv' of C’alifomia, 
Berkeley. He joined the faculty at Berkclev- in 1983. He is a fellow of the .Association for Computing 
Machinerv’ (ACM) and the Institute of Electrical and Electronics Engineers (lEEEX and a member of the 
National Academy of Engineering and the American Academy of Arts and Sciences. He has published 
over 230 refereed tecimical papers, book chapters, and books. His hardw are-design textbook. 
Contemporary Logic Design, has sold over 85,000 copies w orldwide and has been in use at over 200 
colleges and universities. A second edition, cowritten with Gaetano Borriello. will appear in 2005. He has 
supervised 41 MS theses and 27 PhD dissertations, and he leads a research team of over a dozen graduate 
students, technical staff, and industrial and academic visitors. He has won numerous awards, including 12 
best paper aw ards, one "test of time" paper award, one paper selected for a 50-year retrospectiv e on IEEE 
communications publications, three best-presentation aw ards, the Outstanding .Alumni Award of the 
Berkeley (^omputer Science Division, the Computing Research .Association Outstanding Service Award, 
the Berkeley Distinguished Teaching Award, the .Air Force Exceptional Civilian Service Decoration, the 
IEEE Reynolds Johnson information Storage .Award, the American Societv' for Engineering Education 
Frederic E. Terman .Award, and the ACM Karl V. Kadstrom Outstanding Educator .Aw ard. With 
colleagues at Berkeley, he developed Redundant .Arrays of inexpeasive I>isks (R.AID), which is now a 
$25-billion-per-year industry sector. While on leave for government service in 1993-1994. he established 
whitehouse.gov and connected the Wliite House to the Internet. His current research interests are in 
reliable, adaptive distributed systems supported by new services deployed on network appliances (also 
know n a.s programmable network elements). lYior research interests have included database management, 
VLSI Computer .Aided Design, high-performance multiprocessor and storage architectures, transpon and 
mobilit)' protocols spanning heterogeneous wireless networks, and Internet service architectures for 
converged data and telephony. 

NLARMN KOSTERS is a resident scholar at the .American Enterprise Institute (AEI) and editor of the 
.AEI Evaluative Studies series. He served as a senior economist on the President's Council of Economic 
.Advisers and at the While House Office of the .Assistant to the IhvsidenI for Economic .Affairs. Mr. 
Rosters held a senior policy position at the US Cost of Living Council and a research position at the 
R.AND Corporation. He is the author of H'age Levels and Inequality (1S>98). He edited The Effects of die 
Minimum U'age on Employment (1996), Personal Saving. Consumption, and Tax Policy (1992), and 
lYorkers and Tlmr Wages (1991). He was also the coeditor of Trade and Wages: Leveling Wages Down? 
(1994) and oi Reforming Regulation (\9W). Mr. Rosters has contributed to {}\c American Economic 
Review and Public Interest. I le is coauthor of Closing the Education Achievement Gap: Is Title I 
Working?, published by .AEI Press (2003). 


PRE-PI BLIC.ATION VERSION .Appendix C- 25 


Februarv 2006 Edition 



340 


CiKORCiE M. LANCiKOKI) is the E. E. Jusi Professor of Natural Sciences and professor of biological 
sciences at Dartmouth College. He is also an adjunct professor of physiolog\’ at the Dartmouth Medical 
School. I>. I^ngford received his PhlD from the Illinois lastitulc of Technology in Chicago and 
completed postdoctoral training at the University of Pennsylvania. He was professor of physiolog\' in the 
School of Medicine of the University of North Carolina at Chapel Hill before joining the faculty at 
Dartmouth College. Dr. Langford is a cell biologist and neuroscientist who studies cellular mechanisms 
of learning and memory. lEs research program will help to understand how the brain remembers and what 
makes it forget when neurodegenerative diseases, such as Alzheimer's, take hold. He served on the 
National Science Board (KSB), the gov erning board of the National Science Foundation, from 1998 to 
2004 and was chair of the NSB Education and I luman Resources Committee from 2002 to 2004 and was 
vice-chair of the NSB National Workforce Taskforce Subcommittee in 1999-2004. 1 Ic serves on the 
National Nanotechnology* Infrastructure Network, the Burroughs Wellcome Fund Career Awards in the 
Biomedical Sciences Advisory C'ommittee. the National Institutes of Health .Synapses. Cytoskeleton and 
Trafllcking Study Section, the National Research Council .Associateships Program Committee, and the 
Sherman Fairchild Foundation Scientific Advisory Board. 

CATO T. UAURENCTN [lOM] is the Lillian T. I^att I'Msiinguishcd I’rofessor and chair of the 
Department of orthopaedic surgery at the University' of N’irginia. He is also a University Professor at the 
University of A’irginia. and holds professorships in biomedical engineering and chemical engineering. 

Dr. Ijiurencin earned his BSE in chemical engineering fn>m l^nceton University and his Ml!) from 
1 larvard Medical School, where he earned the Robiason Award for Excellence in Surgery. 

Simultancoasly. he earned a PhD in biochemical engineering biotechnology from the Massachusetts 
Institute of Technology (NOT), w here he was a Hugh Hampton Voui^ Scholar. ARer completing his 
doctoral progrants. Dr. I.aurencin continued clinical training at the Harvard University Orthopaedic 
Surgery Program and ultimately became chief resident in orthopedic surgery at the Beth Israel Hospital. 
Harvard Medical School. Simultaneously, he was an instructor in the Ilarvard-MIT l>ivision of Health 
Sciences and Technology, where he directed a biomatcrials laboratory at MIT. I!)r. Laurencin later 
completed a clinical fellowship in sports medicine and shoulder surgery at the Hospital for Special 
Surgery in New York, working with the team physicians for the New York Mets. and at St. John's 
University in New York. Board-certified in orthopedic surgery. Laurencin is a fellow of the .American 
College of Surgeons, a fellow* of the American .Academy of ( Mhopaedic Surgeons, fellow of the 
.American Institute for Medical and Biological Engineering, and an International Fellow in Biomaterials 
Science and Engineering. I>r. Laurencin's research interests are in biomatcrials. tissue engineering, drug 
delivery, and nanotechnology. He received the lYesidential Faculty Fellowship .Award from President 
Clinton in recognition of Iiis research involving biodegradable polymers. He most recently received the 
William Grimes Award for Excellence in C'hemical Engineering from the .American Institute of Chemical 
Engineers and the Leadership in Technology Award Ifom the New Millennium Foundation. Fie is a 
member of the lastitute of Medicine. 

D.WTD LaN’.XN is a.ssistant professor of mechanical engineering at ^'alc University, where he 
leaches machine design at the freshman and senior levels. lUs approach is derived from a background in 
materials science and mechanical engineering and experience as a consulting engineer. He incorporates 
failure analysis, product liability, codes and standards, and foren.sic engineering in his design classes. He 
also introduces students to the latest generation of analysis and simulation software. His research focuses 
on materials and devices at the nano, micro, and macro scales. Of particular interest is the development of 
biologic applications of microsystems. I Us laboralorv' is working on the development of in vivo sensors 
and novel materials and dev'ices for microelectromechnical systems. Some projects are long-tcnn 
implantable sensors for cancer detection and monitoring, injectable seasors, and the micromachining of 
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biopolymers for applications in (issue engineering and neuroscience. In addition to new devices, his 
laboratorv' Is developing novel methods to characterize materials and devices at the microscale. 

PHII/IP I/KDUC.' is a McGowan faculty member and an a.s.sislant professor in mechanical engineering 
at Carnegie Mellon University . Dr. LeDuc earned his BS from Vanderbilt University in 1993 and his MS 
from North Carolina State in 199S. He obtained his PhD at Johns Jlopkins l.Tnivcrsit)* and was a 
postdoctoral fellow at Children’s Hospital Harvard Medical School in 1999. Using computational biolog>' 
through collaboration with colleagues at the University of Pittsburgh Medical Center, Dr. LcDuc 
anticipates "developing a computational framework to look at how cells and molecules interact, for the 
purpose of improying drugs for disease treatment." lUs research focuses on linking mechanics to 
biochemistry' by e.vploring the science of molecular to cellular biomechanics through nanotechnology and 
microtcchnolog}', control thcoiy, and computational biology . The link between mechanics and 
bicKhcmistiy has been implicated in myriad scientilic and medical problems, from orthopedics and 
cardiov ascular medicine to cell motility' and division to signal transduction and gene e.xpression. Most of 
the studies have focused on organ-level issues, but cellular and molecular research has become essential 
over the last decade in (his field because of the revolutionary developments in genetics, molecular 
bioIog,v, microelectronics, and biotechnology'. 

JAMES A. LEWIS is a senior fellow and director of the Center for Strategic and International Studies 
(CSIS) TcchnoIog>' and Public Policy Program. Before Joining CSIS, he was a career diplomat who 
worked on a variety of national security issues during his federal service. Dr. Lewis's c.xtcnsive 
diplomatic and regulatory experience includes negotiations on military basing in .Southeast Asia, the 
Cambodia peace process, the five power talks on arms transfer restraint, the Wassenaar .Arrangement, and 
several bilateral agreements on security' and technology. Dr. I.cwis was (he head of the delegation of the 
Wassenaar Experts Group for advanced civil and military (eclmologies and a political adviser to (he US 
Southern Command (for Just Cause), to US Central Command {for Desert Shield), and to the US Central 
.America Task Force. He was responsible for the 1993 redrawing of the International Trafllc in .Arms 
Regulations, the 1997 regulations implementing the Wassenaar .Agreement, numerous regulations on 
high-performance computing and satellites, and the 1999 and 20(X) regulations liberalizing US controls on 
encryption products. Since coming to CSIS, he written numerous publications, including Globalization 
and .National Security (2(K)4), Spectrum Management for the 2! si Century (2003), Perils and Prospects 
for Internet Self-Regulation {2002), Assessing the Risk of Cyber Terrorism. Cyber H’ar. and Other Cyber 
Threats (2002), Strengthening Law Enforcement Capabilities for Counterterrorism (2001 ), Presen'ing 
America's Strength in Satellite Technology (2001), and China as aAfilitary Space Competitor 
(forthcoming). His current research involves digital identity, innovation, military space, and C'hina’s 
information-technology industry. In 2(X)4. I>. Lewis was elected the first chairman of the Electronic 
.Authentication Partnership, an association of companies, nonprofits, and government organizations (hat 
develops rules for federated authentication. He received his PhD from (he I'nivcrsity of Chicago in 1984. 

JO.AN F. LORDEN Joined the University' of North Carolina (UNC) at Charlotte as provost and vice 
chancellor for academic affairs in .Ar^ust 2003. She received a B.A and a PhD in psychology from Yale 
University. Before coming to UNC C'harlotte, she scA'cd as associate provost for research and dean of the 
Graduate School at the University' of .Alabama at Birmingham (UAB), where she was professor of 
psychology. She has published extensively on brain-behavior relationships and specialized in the study of 
animal models of human neurologic disease. In 1991, she was aw arded (he Ireland Prize for Scholarly 
Distinction. She has served on peer-review panels and scientific advisory boards at National Institutes of 
Healtli, National Science Foundation, and private agencies. At UAB, she organized the doctoral program 
in behavioral neuroscience and directed the university' wide interdisciplinary' Graduate Training Program 
in Neuroscience. In addition to her work in research and graduate education at U.AB, Dr. Lorden founded 
an Office of Postdoctoral Education, programs for professional development of graduate students, an 
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undergraduate honors program, and several programs designed to improve the recruitment of women and 
minoriU' group members into doctoral programs in science and engineering. Dr. Lorden was elected chair 
of the Board of Directors of the Council of Graduate Schools (2003) and during 2002-2003 was the dean 
in residence in the Division of Ch’aduate Education at NSF. She has chaired the Hoard of Directors of Oak 
Ridge Associated Universities, was a trustee of the Southeastern Universities Research Association, and 
chaired the executive committee of the National Association of State Universities and Land-Grant 
Colleges Council on Research Policy and Graduate fiducation. Dr. Lorden is a member of the National 
Research Council's Committee on the Mcthodologv- for the Study of the Research Doctorate. She is a 
member of the Society for Neuroscience, the American Psychological .Association, and the American 
Psychological Socict>’. 

RONALD .ALARX is professor of educational ps>cholog>- and dean of education at the Universit>' of 
.Arizona. His previous appointments were at Simon Fraser University and the L’niversity of Michigan, 
where he serv ed as the chair of the Educational Studies Program and later as the codirector of the Center 
for Highly Interactive Computing in Education and the Center for Learning Technologies in Urban 
Schools. His research focuses on how classrooms can be sites for learning that is highly motivated and 
cognitively engaging. Since 1994. 1>. Marx has been engaged in large-scale urban school reform in 
IX’troit and Chicago. With his appointment as dean in 2003. he has been working to link the college's 
research, teaching, and outreach activities closely to K-12 schools and school districts. IX. Marx received 
his PhD from Stanford University. 

DKIRDRK R. MKLDRUM is professor and director of the Genomation Ijiboratorv' in the Department of 
Electrical Engineering and adjunct professor of bioengineering and mechanical engineering at the 
University of Washington. She received a DS in civil engineering from the Universitv' of ^\'ashington in 
1983, an MS in electrical engineering from Rensselaer Polytechnic Institute in 1985, and a PhD in 
electrical engineering from Stanford Universitv' in 1993. As an engineering cooperative student at the 
National Aeronautics and Space .Administration Johnson Space Center in 1980 and 1981, she was an 
instructor for the astronauts on the shuttle-mission simulator. From 1985 tol987. she was a member of 
the technical stall' at the Jet Propulsion Laboratoiy and performed theoretical and experimental work in 
identilicalion and control of large flexible space structures and robotics. Her research interests include 
genome automation, microscale systems for biologic applications, robotics, and control systems. l>r. 
Meldrum is a member of the American Association for the Advancement of Science (AA.ASX the 
.American Chemical Society, the Association for Women in Science, the Human Genome Oigani/alion, 
Sigma Xi, and the Societ>’ of Women Engineers. She was awarded an National Institutes of Health (NIH) 
Special Emphasis Research Career Award in 1993 to train in biology and genetics, bring her engineering 
expertise to the genome project, and develop automated laboratorv' instrumentation. In IXcember 1996, 
she w as the recipient of a Presidential Early Career Award for Scientists and Engineers for recognition of 
innovative research using a broad set of interdisciplinary approaches to advance DNA-sequcncing 
technology. Since .August 2001, she has directed an Nil I center of e.xcellence in genomic sciences, the 
Microscale Life Sciences Center. The MLSC includes 10 investigators from the University of 
U'ashington and one from the Fred Hutchinson Cancer Research Center. In 2003, Meldrum became a 
fellow of the AAAS: and in 2004. a fellow of the Institute of Electrical and Electronic Engineers. 

M.\RK H. MA'LRS is visiting executive professor in the Management Department at the Wharton 
.School of the Universitv’ of l^ennsylvania. His research interests include identifying emerging markets and 
technologies to enable growth in new and existing companies with emphases on teclinologv' identification 
and selection, product development and technologv' competences. Dr. Myers serves on the Science. 
Teclinologv and Economic Policy Board of the National Research Council and cochairs, with Vale 
President Richard Levin, the National Research Council's study of Intellectual Propertv- in the Knowledge 
Based Economy. I>r. Myers retired from the .Xerox C'orporation at the beginning of 2000, after a 36-year 
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career in its R&D organizations. He was the senior vice president in charge of corporate research, 
advanced development, systems architecture, and corporate engineering from 1992 to 2000. During this 
period he was a member of the senior management committee in charge of the strategic direction setting 
of the company. His respon-sibilities included the corporate research centers: P.-VRC in Faio .Alto, 
California; the Webster Center for Research and Technology near Rochester. New York; the .Xerox 
Research Centre of Canada, Mississauga, ( )ntario; and the Xerox Research Centre of Europe in 
Cambridge. England, and CTrenoble, France. l>r. Myers is chairman of the Board of Trustees of Eaiiham 
College and has held visiting facultv' positioas at the University of Rochester and at Stanford Universitv'. 
He holds a bachelor's degree Irom Eartham College and a doctorate from Pcnasylv'ania State Univcrsit>'. 

C'LAI'DIA MITC'IIKL1..-KKRNAN has been vice chancellor for graduate studies and dean of the 
Ctraduate l>ivision at the Universitv* of C'alifomia, l.os .-\ngeles (UCU.^) since 1989. .As chief academic 
and administrative ofllcer of the Graduate I>ivision. she has responsibility for graduate admissioas. 
campus-wide student support and fellowship programs, and graduate academic affairs and works to 
ensure that standards of excellence, fairness, and cquitv* are maintained across all graduate programs. She 
is concurrently a professor in the Departments of .Anthropologv and Fsychiatiy and Biobehavioral 
Sciences. She received her PhD from the Universitv* of California. Berkeley and her B.A and NLA from 
Indiana Universitv* and was a member of the facult)* at Harvard University before coming to UCLA in 
1973. Much of Dr. Mitchell-Keman’s early work was in linguistic anthropologv*. and her classic 
sociolinguistic studies of black communities continue to be widely cited. Her most recent book, Tlw 
Decline in Marriage among African Americans, cuedited with M. Belinda fucker, was published in 1995 
by Russell Sage. Other books on children's discourse, television and the socialization of ethnic-minoritv* 
children, and linguistic patteras of black children reflect the breadth of her scholarly interests. She 
conducts research on marriage and family-formation patterns in the United States among .Americans and 
West Indian immigrants. Iltroughoui her career, she has maintained an active record of service to federal 
agencies that sponsor research. President Clinton appointed her to the National Science Board (NSB) for 
a 6-year term in 1994. .At the national level, she is serving as the dean in residence for the Council of 
Graduate Schools (CGS), is on the Board of Higher Education and Workforce of the National Research 
Council, and is on the Board of Directors of the Consortium of Social Science Associations. She has 
recently served on the Board of Directors of the CGS and chaired its .Advisorv* Committee on Minorities 
in Graduate Education, as chair of the Board of ITirectors of the Graduate Record Examination, on the 
.Advisory Board of the National Securitv* Education Program, and on the Board of Deans of the African 
.American Institute. She has been a member of the Board of I>irectors of the Los .Angeles-based Golden 
State Minoritv* Foundation and the Board of Directors of the Venice Family Clinic. 

D. VN'H) II. MONK is professor of educational administration and dean of the College of Education at 
the Pennsylvania State Universitv* (PSU). He earned his .AB in 1972 at Dartmouth College and his PhI3 in 
1979 at the Universit>‘ of Chicago, and he was a member of the Cornell University faculty for 20 years 
before becoming dean at PSU in 1999. He has also been a third-grade teacher and has taught in a visiting 
capacitv' at the University of Rochester and the University of Burgundy in I>ijon, France. Dr. Monk is the 
author of Eihicational Finance: An Economic Approach (1990), Raising Money for Eihication: A Guide 
to the Property Fox* (1S>97) (with Brian O. Brent), awiXCost Adjustments in Education (2001) (with 
William J. Fowler. Jr.), in addition to numerous articles in scholarly journals. He is a cocdilor of 
Education Finance and Policy. Ilie Journal of the .American Education Finance .Association and 
Leadership and Polity’ in Schools. He also serves on the editorial boards of Economics cf Education 
Revieyv. the Journal of Education Finance, Educational Policy, and the Journal cf Research in Rural 
Education. He coasults widely on matters related to educational productivity and the oigani/ational 
structuring of schools and school districts and is a past president of the .American Education Finance 
.Association. 
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(.’ARIX) PARR.\\'AN() has serv ed as executive director of the Merck Institute for Science Kducation 
since 1992. He is responsible for the planning, development, and implementation of numerous initiatives 
to improve science education. Before assuming that positioa Dr. Parravano was professor of chemistrv' 
and chair of the Division of Natural Sciences at the State University of New York (SUNT) at Purchase. 
While at SUN^’ Purchase, he taught courses In general, physical, analytic, and environmental chemistrv’. 
In addition to his academic and administrative appointments, he served as director of the Center for 
Mathematics and Science Education of the SUN\’ Purchase* Westchester School Partnership. Dr. 
Parravano is a recipient of the SUNT Chancellor’s Award for Excellence in Teaching. In 1S>99, he was 
elected an American .Association for the .Advancement of Science (A.AAS) fellow; and in 2003, he 
received the National Science Teachers Association's (KSTA) Distinguished Service to Science 
Education Award. In 2004, he was designated a national associate of the National .Academy of Sciences 
and appointed to the Steering Committee for the 2009 National .Assessment of Educational Progress in 
Science. I>r. Parravano earned a B.A in chemistrv' at Oberlin College and a PhD in physical chemistrv' in 
1974 at Universitv' of California at Santa Cruz. His research has been in molecular-beam studies of 
excited atoms and molecules and the application of physical-chemical techniques to the solution of 
biochemical and environmental problems. Dr. Parravano is a member of a number of professional 
organizations, including the AAAS (chair. Education Section, 2003), the .American Chemical Societv’, and 
the NSTA. He served as founding vice chair of the New Jersey Professional Teacliing Standards Board 
(1999-2003) and as cochair of the New Jersey Science Curriculum Standards Group. He is a member of 
the Natioital Research Council's Board on Science Education (H.xecutive Committee) and is on Ute 
advisorv' boards of the National Science Resources Center, Biolr^ical Sciences Curriculum Study (chair), 
and the New Jersev’ Business Coalition for Educational Excellence. In 200S, Dr. Parravano was appointed 
to the New Jersey Mathematics Task Force and to the Qualitv' Teaching and Learning Task Force. He also 
serves as principal investigator for a National Science Foundation-funded mathematics-science 
partnership award. 


ANNE C-. PFn'ERSEN is the senior vice president for programs at the W.K. Kellogg Foundation of 
Battle Creek, Michigan. As a senior member of the executive staff since 1S>96, she provides leadership for 
all programming, including the development of effective programming strategies, teamwork, policies, 
philosophies, and organization wide systems to accomplish the programmatic mission of the foundation. 
Previously, Dr. Petersen was deputv’ director and chief operating officer of the National Science 
Foundation (NSF), then a S3.6 billion federal research agency with 1,300 employees. Before joining 
NSF', she served as vice president for research and dean of the Graduate School at the I'nivcrsitv' of 
Minnesota where she w as professor of adolescent development and pediatrics. Before that, she was the 
first dean of the College of I lealth and 1 luman Development at Pennsylvania State Universitv'. She has 
written more than a dozen books and 200 articles on adolescent and sex issues, including evaluation, 
health, adolescent development, and higher education. Her honors include election to the Institute of 
Medicine. She is a founding member of the Socictv- for Re.search on .Adolescence and was president and 
council member. She was president of developmental psychology in the .American Psychological 
.Association and is a fellow of the .American .Association for the .Advancement of Science, the .American 
Psychological .Associatioa and the .American Psychological Societv'. She is president-elect of the 
International Society for the Studv' of Behavioral Development. Dr. Petersen holds a BS in mathematics, a 
MS in statistics, and a PhD in measurement, evaluation, and statistical analysis from the Universit>' of 
Chicago. 

STFvPH.V.NIE PFIRNLAN chairs the Department of Environmental Science at Barnard College. Her 
current research interests include environmental aspects of sea ice in the Arctic, interdisciplinarv' research 
and education, and advancing women scientists. .As the first chair of the National Science Foundation 
(NSF)'s .Advisorv' Committee for Environmental Research and Education. Dr. Pfirman oversaw analysis 
of a 10-year outlook for environmental research and education at NSF. She is also one a co-principal 


PRE-PUBLICATION VERSION Appendix C- 30 


February' 2006 Edition 



345 


investigators of NSF's ADVANCE grant (to advance women scientists) to Columbia's Earth Institute. 
Before joining Barnard, Dr. Pfirman was a senior scientist at Environmental Defense and codeveloper of 
the award-winning traveling exhibition "Global Warming; Understanding the Forecast" developed jointly 
w ith the American Museum of Natural History. She was research scientist and coordinator of .Arctic 
programs for the U’niversity of Kiel and GEOM.AR, Research Center for Marine Geoscience in Crermany; 
staff scientist for the US House of Representatives Committee on Science Subcommittee on Environment; 
and oceanographer with the US Geological Survey in Woods Hole, Massachusetts. Dr. Pfirman received 
her PhD from the MassachasetLs Institute of Tcchnolog>'''Wood.s Hole Oceanographic Institution Joint 
Program in Oceanography and Oceanographic Engineering, Department of Marine Geolog)’ and 
(ieophysics, and a BA from Colgate University's Geologv' I>cparlment. 

DANIEL B. PONEMA.N is a principal of The Scoweroft Group, which provides strategic advice to 
the group clients in the eneigv', aerospace, information-technology, and manufacturing indastries, and 
others. For 9 years, he practiced law in Washington, DC, assisting clients in a wide variety of regulatory 
and policy matters, including e.xport controls, trade policy, and sanctions issues. From 1993 tlirough 1996, 
I>r. Poncman served as special a.ssistant to the president and senior director for nonproliferation and 
export controls at the National Security Council (NSC), with responsibilities for the development and 
implementation of US policy in such fields as peaceful nuclear cooperation, missile-technology and 
space-launch activities, sanctions determinations, chemical and biologic arms-control efforts, and 
conventional-arms transfer policy. During that period, he participated in negotiations and consultations 
with governments in Africa, Asia, Europe, Latin America, and the fonner Soviet Union. Dr. Poneman 
joined the NSC staff in 1 990 as director of defense policy and arms control after service in the 
I>cpartmcnt of Energy’. He has served as a member of the Commission to Assess the Oigani/ation of the 
Federal Government to Combat the Proliferation of Weapons of Mass Destruction and other federal 
advisory panels. He received .AB and JD from Harvard University and MLitt in politics from Oxford 
University. I>. Poneman is the author of books on nuclear-energy policy, Korea, and Argentina and is a 
member of the Council of Foreign Relations. 

HE'LEN R. QUINN started her college career at the University of Melbourne, Aastralia. Two years 
into her degree, she moved to the U'nited States and joined the physics department of Stanford University, 
where she completed both her BSc and a PhD in physics. After a postdoctoral fellowship at Deutsche 
Elektronen-Synchrotron in Hamburg. Ciermany, she briefly taught high-school physics and then joined 
the stair and then the faculty of Harvard University. A few years later, she returned to Stanford to join the 
Stanford Linear .Accelerator Center and she has been there since 1977. Her research concentrates on 
theoretical particle physics with a focus on phenomenology of the weak interactions; she is involved in 
outreach activities to encourage interest in physics. Her work with Robert Peccci resulted in what is now 
known as the Pcccei-Quinn symmetry. Dr. Quinn was president of the .American Physical Society for 
2003. She was named a fellow of the .American .Academy of .Arts and Sciences in 1996 and was elected to 
the National .Academy of Sciences in 2(X)3. She was awarded the ITirac Medal of the International Centre 
for Theoretical Physics in 2000 for her work with Peccci and in the (3eorgi-(^inn-Wcinberg computation 
of how different types of interactions may be unified. In addition to her research Dr. Quinn has 
maintained a steady involvement in precollcgc education, working chiefly with local efforts to improve 
science teacliing. She was a coauthor of the Investigation and Experimentation strand of the California 
science standards. 

P.VUL ROME'R is the STANCO 25 Professor of Economics in the Graduate School of Business at 
Stanford University and a senior fellow of the Hoover Institution. Dr. Romcr was the lead developer of 
"new growth theory". ITiis body of work, which grew out of his 1983 PhD dissertation, provides a better 
foundation for business and government thinking about the dynamics of wealth creation. It addresses one 
of the oldest questions in economics; What sustains economic grow th in a physical world characterized 
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h>' diminishing returns and scarciu? It also sheds new light on current economic issues. Among these. Dr. 
Romer is studying how government policy affects innovation and how' faster technologic change might 
influence asset prices. Dr. Romer was named one of .America’s 2S most influential people by magazine in 
1997. He was elected a fellow of the .American .Academy of .Arts and Sciences in 2000. He is also a 
fellow of the Econometric Societ>' and a research associate with the National Bureau of Economic 
Research (NTJER). He was a member of the National Research Council Panel on Criteria for Federal 
Support of Research and Development (1995 X a member of the Executive Council of the American 
Economics .Association, and a fellow of the Center for .Advanced Study in the Beha\ioral Sciences. 

Before coming to Stanford, Dr. Romer was a professor of economics at the University of California, 
Berkeley and the Universit>' of Chicago. Dr. Romer holds a PhD in economics from the University' of 
Chicago, 

SHEILA R. ROMS is president of The University Oroup. Inc., a management consulting firm and 
iliink tank specializing in strategic management, visioning, national security, and public policy. She is 
also an adjunct professoral the University of Detroit Mercy and at Oakland University, where she teaches 
“Strategic Management and Business Policy". “Managing the Global Firm", and “Issues of 
Globalization" in the MB.A programs. She often lectures at the Industrial College of the .Armed Forces 
(ICAF) at the National Defense University in Washington, IX* and participates in its armual National 
Security Strategy Exercise. In June 2005, she chaired at IC.AF the .Army’s Eisenhower National Security 
Series event “The State of the U.S. Industrial Base: National Security Implications in a World of 
Globalization" Her BS is in physics and mathematics and her MA and PhD from Ohio Stale University 
are in organizational behavior and general social systems dieory.. 

J.VMKS M. ROSSF’R has scr\'cd os president and professor of health care management at Califonua 
Stale University, Los .Angeles since 1 979 and as professor of microbiology since 2004. He has served in 
many civic and community organizations, including the Los .Angeles .Area Council of the Boy Scouts of 
.America, the Los .Angeles County .Alliance for College Ready Public Schools, the California Chamber of 
Commerce, .Americans for the .Arts, Community Television of Southern California (KCET). Los .Angeles 
.After-School Education and Child Care Program”L.A’s BEST, the Music Center Performing .Arts 
Council Education Council, and the California Community Foundation. His professional adilialions have 
included the .American .Association of Stale Colleges and Universities, the .American Council on 
Education, the Western .Association of Schools and Colleges, the Woodrow Wilson National Fellowship 
Foundation, the California Council on Science and Technology. Edison International, the United 
California Bank, the FEDCO. Inc. Foundation, and numerous committees and commissions of the 
California Stale University system. He is a past chair of the Education and Human Resources .Advisory 
Committee of the National Science Foundation. He was chair of die National .Academy of Engineering 
Forum on Diversity in the Engineering Workforce in 2000-2002. 


I)KBOR.\H M. ROl DF'Bl'SH has been a physics teacher for 21 years. She holds national board 
certification in adolescent and young adult science. She was a 2001 Presidential .Awardee for Excellence 
in Science Teaching. She ha.s been a physics-teacher resource agent through the .American .Association of 
Physic.s Teachers since 1992 and is the associate member for A'irginia to the National .Academy of 
Sciences Teacher .Advisory Council. She has been a reader for advanced placement for computer science 
and physics since 1996. She has a keen interest in physics-education research and the implications for 
improving physics teaching at all levels, she is an advocate for the importance of physics and science 
education for all students to enable data-driven decision-making at all levels of government. 

D.VNIEL K. Rl’BENSTEIN is currently the head of the Mathematics Department at Collegiate 
School in New York City. He has worked in secondary education for 13 years. His first faculty position 
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was teaching mathematic at Sidweli Friends School in Washington. DC. In addition, he spent a semester 
as assistant director and mathematics teacher at School Year .\hroad Beijing. .Afler 8 years of 
indepcndent-sch(K>l teaching, a Sidweli alumnus recruited Mr. Kubenstein to help build the mathematics 
program of the fledgling SHED Foundation Public C'harter School in southeast Washington. DC, w here 
he remained for 2 years, lie is a nationally board-certified mathematics teacher and a associate member of 
the National .Academy of Sciences Teacher Advisory Council. In 2002. he received the Presidential 
Award for Excellence in Mathematics Teaching. He holds bachelor's degree in mathematics from 
Hamilton College, and a master’s degree from St. Johns College in Santa Fe, New Mexico, and he is 
enrolled in a dtKtoral program at Columbia Universityin Education l.eadership. 

Jl'IX-W’.A C. SlIKI joined the General Electric Global Research Center In 1991. In 1995, she was 
appointed global technologv' manager and is responsible for the management of ihcR&D Center's Global 
Technology .Acquisition lYograms. In that role, she has established research collaborations with 
organizations around the world Ms. Shei was the project manager to establish a GE Research Center in 
Shanghai, China, in June 2(XH) and now leads Japan Technolog>‘ Initiative in Japan. Ms. Shei is a member 
of the .American Chemical Society and cochair of the Industrial Research Institute External Technology 
Directors’ Network. She is the board member for the United States Industn.' Coalition. She was a 
member of theGore-Chemomyrdin Science & Technologv' delegation in 1997 and served as industry 
representative for the President's Council of Advisers on Science and Technology in 2002. Shei is veiy 
active in community service. She w as a founder and the president of the Network, a professional 
women's organization alfiliated with the National .Association for Female Executives, served xs the board 
chair for the Chinese Community Center of the Capital District of New York, and is a board member of 
Japanese Cultural Association of the Capital District. A native of Tokyo. Japan. Ms.Shci obtained her 
undergraduate degree from National Cheng Rung L’niversity in Taiwan, her MS from the Universitv' of 
.Massachusetts, and her MB.A from Rensselaer Polytechnic lastitute. Before joining Creneral Electric, she 
worked at .Ames Laboratorv', the Research Center at the US Steel Corporation, and the Sterling \\'inthrop 
Research lastitute (f^stman Kodak's Pharmaceutical Division). 

.1. STEPHEN SIMON is a senior vice president of Exxon Mobil Corporation. Mr. Simon hold-s a BS 
degree in civil engineering from Duke Universitv' and an MB.A from Northwestern University. He joined 
Exxon Company, US.A in July 1967 and shortly thereafler began a 2-year assignment in the US Army. 

He returned to Ex.xon USA in July 1969 as a business analyst in the Baton Rouge refinerv'. .Afler holding 
a varietv' of supervisory and managerial positions throughout the Baton Rouge and Baytown reflneries 
and in Exxon USA's refining and controller's departments. Mr. Simon became executive assistant to 
Ex.\on USA's executive vice president in Houston. In 1980. he returned to the Baton Rouge reflneiy as 
Operatioas Div ision manager and then became refinery manager. In 1983, Mr. Simon moved to New 
York, where he was executive assistant to the president of E.vxon Corporation. In 1984. he moved to 
Londoa England, as supply manager in the Petroleum Products Department of Esso Europe Inc. and then 
supply and iraasportation manager. Mr. Simon returned to Houston in 1986 as general manager of Exxon 
USA's Supply Department. In 1988, he became chief executive and general manager, Esso Caribbean and 
Central .America, in Coral Gables, Horida. Simon moved to Italy in 1992 to become executive vice 
president and then president of Esso Italiana. He returned to the United States in 1997 and was named an 
executive vice president of Exxon Company, International, headquartered in Florham Park. New Jersey. 

In December 1999, he was appointed president of Exxon .Mobil Refining & Supply Company and vice 
president of Exxon Mobil Corporation. In December 2004. he assumed his current position as senior vice 
president of the Corporation. Mr. Simon has served on the local boards of many voluntarv- organizations— 
including l.'nited Way, Boy Scouts, and the Salvation .Army— and is a member of the Ciovemance 
Committee of the National .Action Council for Minorities in Engineering. He has also served on the 
boards of the .American Petroleum Institute and the National .Association of Manufacturers. He is a 
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member of the Board of Visitors for Duke Univcrsit>’'s School of Engineering and a member of the 
President's Council. In addition, he is on the Kellogg Ad\isor>’ Board of Northwestern UniversiU’. 

TIM STE'ARNS is an associate professor in the Department of Biological Sciences and the I>cpannienl 
of Cxenctics at Stanford l'nivcrsit\'. He is also an member of the Committee on Cancer Biolog>', the 
steering group for the cancer-biologv’ graduate training program, and he is chair of the Committee on 
(xraduate Admissions and Policy, which oversees all graduate programs in the bioscienccs at Stanlbrd. 

Dr. Steams is the recipient of a Howard Hughes Medical Institute Professor Award, which he has used to 
develop a program for research-oriented undergraduates, llie laborator>’ course for this program. Biosci 
54 55, draws sophomore-level students from diverse intellectual backgrounds and has them me 
interdisciplinaiy approaches to solve problems in cell biolog,v. Dr. Stearns recently cofounded the 
Advanced Imaging Lab in Biophysics course, and he has taught advanced summer laboratory courses at 
Cold Spring Harbor Laboratory’ at Woods Hole, and in Chile and South Africa. His research involves 
ming a combination of imaging, genetics, biochemistry, and structural biolog>’ to understand the 
cytoskeleton. His laboratory w as one of the first to me green fluorescent protein to visualize cytoskeletal 
dv namics and is a leader in understanding microtubule organization and its relationship to the cell cycle. 

DE^BR-V STEA\ 'ART became the fifth president of the Council of Ciraduate Schools (CGS) in July 
2000. Before coming to the CGS. Dr. Stewart was vice chancellor and dean of the Graduate School at 
North Carolirta State University. She also served as interim chancellor at the l.'niversily of North 
Carolina-Greensboro (1997) and as graduate dean and then vice provost (1988-1998) at North Carolina 
Stale. 453 memberTi award over 95®o of all US doctorates and about 70®o of all US. master's 
degrees. .Among its 1 1 international members. CGS includes nine major Canadian universities. Dr. 

Stewart receiv ed her PhD in Political Science from the Univeisity of North C’nrolina-C'hapcl Hill, her 
ma.ster's degree in government from the Universit>' of Maryland, and her BA from Marquette 
University.. She is the author or coauthor of numcTom scholarly articles on administrative theory and 
public policy. Her disciplinary’ research focmes on ethics and managerial decision making. With 
smiained support from the National Science Foundation. Dr. Stewart has conducted research on political 
attitudes and moral rca.soning among public oflicials in Poland and Rmsia. 

ORL.VNIK) T.X^’I/OR is vice provost for research, dean of the (iradualc School, and professor of 
communications at Howard University. Before joining the Howard faculty in 1973. I>r. Taylor was a 
facultv’ member at Indiana Universitv’. He has also served as a visiting professor at Stanford University. 
Dr. Taylor has served on the Board of I3ircctors of the Council of Graduate Schools and was Board chair 
in 2001. He is a past president of the Northeastern .Association of Graduate Schools and the National 
Communication Association. He is the immediate past president of the Consortium of Social Science 
Associations and chairman of the Board of the Jacob JaviLs Fellowship Program in the Humanities for the 
US IX'partmcnt of Education. He also serves as a member of the Board of Fruslecs of the UniversitV' 
Corporation for Atmospheric Research. Dr, Taylor has served in many capacities at Howard University: 
he has serv ed as executive assistant to the president, interim vice president for academic affairs, dean of 
the School of Communications, and chair of the IX'partmenl of Communication .Arts and Sciences. Dr. 
Taylor's pioneering work in communication disorders, sociolinguistics, educational linguistics, and 
inlercullural communication has led to the development of new theories and applications. In most of his 
scholarly work, he has focused on the rich cultural and linguistic diversity of the American people. He is 
the author of numerous articles, chapters, and books. The .American Speech-Language-Hearing 
Association awarded him its highest award. Honors of the Association, and the .\lumni .Association of the 
Universitv' of Michigan awarded him its Distinguished Service .Alumni .Award, llie Universitv' of 
Massachusetts. .Amherst has awarded him the Chancellor's Medal, and Vale University its Bouchet Medal 
for leadership in Minority Graduate liducation. Dr. Taylor received his bachelor’s degree from Hampton 
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University, his master's degree from Indiana Universit)', and his Phl^ degree from the Universit>' of 
Michigan. 

NANC-'^’ \’ORONA is vice president of research investment at the Center for Innovative Technology 
(CIT). Her responsibilities include stratcg>' and program development for CITs initiatives in 
nanotechnolog>' and life sciences. Before her current appointment, she was CITs senior industiy director 
for advanced materials and electronics. Ms. Vorona joined CIT in 1998. Ms. Vorona's professional 
c.xpcrience in electronics includes several years in marketing and sales management with International 
Rectifier Corporation, a US manufacturer of power semiconductors based in California. She w as also 
responsible for international marketing and sales for Integrated Display Teclmolog)* Ltd., a Hong Kong 
manufacturer of coasumer electronic products. In 1993, she joined the Virginia Economic I3evelopmenl 
Partnership to establish and increase the international basiness of Virginia's information leclmolog)' and 
telecommunications companies. Ms. Vorona received a BA from the University of North Carolina* 
Chapel Hill and a master's degree in international management from rhunderbird, the American (rraduate 
School of International Management in Glendale. Arizona. 

CAROLINK S. >\'.\(»NER is a researcher at the Center for International Science and Technolog\' 
Policy at George Washington University (GWU). She specializes in science and teclmo]og\' and their 
relationship to innovation, policy, and society. Among her current advisory commitments, she serves on 
the Advisoiy Board of Research on Knowledge Systems, a program of the International Development 
Research Centre of Canada, and on the United Nations Millennium Task Force on Science, Technology, 
and Innovation. She is a founding member of the Washington Science Policy Alliance. Dr. Wagner joined 
GWU after 1 2 years with the RANT) Corporation in Washington. DC, and Leiden, the Netherlands. 

Before joining Rand, she was a professional staff member for the US Congress Committee on Science, 
Space, and Tcclinolog> . and before that in the congressional Office of Technology Assessment. She has 
served as an analyst for the US government specializing in global development in science and technology; 
this included a 2-year assignment as an analyst at the US embassy in Korea. Dr. Wagner has consulted 
with the World Bank, the European C'ommission, the Organisation for Economic Co-opcTation and 
Development, the US National Science Foundation, and a number of govemmenLs. She holds degrees in 
science and technology dynamics from the Universitv' of .Amsterdam; in science, technologv'. and public 
policy from GWU; and in philosophy from Trinilv' L’niversitv-. 

I.Sl.VII W'.VRNKR is Boyd Professor and vice chancellor for strategic initiatives of the Louisiana State 
System (LSU). He graduated cum laude from Southern University with a BS in chemistiy in 1%8. Affer 
working for Baltellc Northwest in Richland, Washington for 5 years. Dr. Warner attended graduate school 
in chemistiy at the Universitv' of Wa.shington, receiving his PhD in chemistn' (analytical) in June 1977. 

He was assistant professor of chemistry at Texas .A&M l.^niversity from 1977 to 1982 and was awarded 
tenure and promotion to associate pnifessor cffeclivu September 1982. How ev er, he elected to join the 
faculty ofEmoiy Universitv' as associate professor and was promoted to full professor in 1986. Dr. 

Warner was named to an endowed chair at Emoiy University in September 1987 and was the Samuel 
Candler Dobbs Professor of Chemistiy' until he left in .August 1992. During the 1988-1989 academic 
year, he was on leave to the National Science Foundation xs program officer for analytical and surface 
chemistiy. In August 1992, Dr. Warner joined LSU as Philip W. West Professor of .Analytical and 
Environmental Chemistiy. He was Chair of the Chemistiy Department from 1994 to 1997 and was 
appointed Boyd Professor of the LSU System in July 2000, and Vice Chancellor for Strategic Initiatives 
in 2001 . The primary research emphasis of VS'arner’s research group is the development and application of 
improved methodologies (chemical, mathematical, and iastrumcntal) for the studv' of complex chemical 
systems. His research interests include fluorescence spectroscopy, guest-host interactions, studies in 
organized media, spectroscopic applicatioas of multi-channel detectors, chromatography, environmental 
analyses, and mathematical analyses and interpretation of chemical data using chemometrics. 
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CiKNKRVL LARR^' WEIX 'H (relircd) was the 12!h chief of staff of the US Air Force. As chief, he 
seized as the senior uniformed Air Force officer responsible for the organization, training, and equipage 
of a combined active-duty. Guard, reserve, and civilian f(m:e serving at locations in the United States and 
overseas. Formerly president of the Institute for Defense .\nalyses. General Welch now serves as a senior 
associate. In addition, he provides expertise to a number of organizations, including the Council on 
Foreign Relations, the Defease Science Board, the Joint Committee on Nuclear Weapons Suretv', the 
National Missile Defense Independent Review Team, the US Space Command Independent Strategic 
.\dv isoiy Group, and the US Strategic Command Strategic .Advisoiy Group. General W'elch received a 
BS in basincss administration from the Universitv' of Marviand and an MS in international relations from 
George Washington University. 

REAR .VDMIRM, ROBERT II. WER TIIEIM (retired) [N.AE] is a consultant on national- 
securitv’ and related issues. During his 38 years in the Navy, he was director of strategic systems 
programs, responsible for the research, development, production, and operational support of the Navy's 
submarine launched ballistic-missile program. After retirement from the Navy, he served for 7 years as 
Lockheed Corporation senior vice president for science and engineering; for the last 1 7 years, he has been 
a private consultant. He is a member of advisorv groups serving the US Strategic Command, the Los 
.Alamos and IJvermore National Laboratories, and Draper I.aboraloiy. Other current service includes 
membership on the joint Department of Defense and Department of Energ>‘ (DOE). .Advisoiy 
Committee on Nuclear Weapons Surety and on the University of California President's Council on the 
National laboratories. He is a former member of the National .Academy of Sciences C'ommittee on 
International Sccuritv* and .Arms Control, the IX)E I.aboratory CJpcralions Board, and the Defense Science 
Board. .Admiral Wertheim graduated with honors from New Mexico Mililaiy Institute in 1942. He 
graduated with distinction from the Naval .Academy in 194S and received an MS in physics from the 
Massachusetts Institute of Technology’ in 1954. He has been elected a member of the National Academy 
of Engineering and of the scientific and engineering societies. Sigma \i and Tau Beta Pi. an honorary 
member of the .American Society of Naval Engineers: and a fellow of the .American Institute of 
Aeronautics and .Astronautics and the California Council on Science and Technology. .Admiral Wertheim 
has been honored w ith the Navy I>istinguishcd Service Medal (twice), the Legion of Merit, the Gold 
Medal of the .American Society of Naval Engineers, the Rear .Admiral William S. Parsons .Award of the 
Navy League, the Chairman of the Joint Chiefs of Staff Ifistinguished Public Service Medal, and 
the Secretary of Defense .Medal for Outstanding Public Service. He was inducted into the New .Mexico 
Military Institute Hall of Fame in 1987 and has been honored by the US Naval .Academy with its 2005 
Distinguished Graduate Aw ard for his lifetime of service to the Navy and the nation. 

I)E.V.N ZOELM.VN is University Distinguished Professor, IJistinguished L'niversity Teaching Scholar, 
and head of the Department of Physics at Kansas State University (KSU). He has focused his scholarly 
activities on research and development in physics education since 1972. He has received the National 
Science Foundation (NSF) Ifircclor's Award for Distinguished Teacher Scholars (2004). the Carnegie 
Foundation for the .Advancement of Teaching Doctoral University' I^rofessor of the A'car (1996X and 
.American .Association of Physics Teachers* Robert .A. Millikan Medal (1995). His research concentrates 
on investigating the mental models and operations that students develop as tliey learn physics and how 
students transfer knowledge in the learning process. He also applies cutting-edge technology to the 
teaching of physics and to providing instructional and pedagogic materials to physics teachers, 
particularly teachers whose background dinrs not include a substantial amount of physics. He has twice 
been a F'ulbright Fellow in Germany. In 1989. he worked at Ludwig-Ma.ximilians University' in Munich 
on development of measurement techniques for digital video. In 1998, he visited the Iitstilute for Science 
Education at the University in Kiel, where he investigated student understanding of quantum physics. I>r. 
/oilman is coauthor of six videodisks for physics teaching, the Physics InfoMall database, and a 
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textbook. He leads the \ isual Quantum Mechanics project, which develops materials for teaching 
quantum physics to three groups of students: nonscience students, science and engineering students, and 
students interested in biology and medicine. His present instructional and research projects include 
.Modem Miracle Medical Machines, Physics Pathway, and research on student learning. 
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Appendix D 

ISSUE PAPERS 


llic Issue Briefs presented in this appendix summarize findings and 
reeommendations from a variety of recently published reports and papers as input to the 
deliberations of the Committee on Prospering in the Global Economy of the 21st Century. 
'Ihc papers were provided as background infonnation to the study committee and focus 
group participants. 

Tlie 13 papers, written by members of the committee's stall, are included here 
only as a historical record and a useful summarv' of relevant reports, scientific literature, 
and data analysis. Statements in this brief should not be seen as the conclusions of the 
National .Academies or the committee. 

Each issue brief provides an ovcrx'icw of the findings and recommendations of 
previously released studies from the National .Academies and other groups, llie i.ssue 
briefs cover topics relevant to the committee's charge, including K-12 education, higher 
education, research policy, and national and homeland security policy. 

Specillcally, the topics addressed are: 

• K-12 .Science, Mathematics, and Technology Education 

• .Attracting the Most .Able MS. Students to Science and Eaigineering 

• Undergraduate. Graduate, and Postgraduate E-duration in Science, 
Eaigineering, and Mathematics 

• Impliralions of ( hanges in the E'inanring of Public Higher Education 

• International Students and Kesearrliers ui the Tnited States 

• .Arhies ing lialanre and .Adequacy in E'ederal Science and Technology 
E'unding 

• The Productivity of Scientific and Technological Research 

• Investing In High-Risk and Breakthrough Research 

• ICnsuilng That the I'nited States Is .At the E'orefront in Critical fields 
Of Science and T echnology 

• Tnderstanding T rends in Science and T echnology ( ritical To C.S. 

Prosperity 

• Emsuiing That the I'nited States Has the Best E-nsironnient for 
Innovation 

• Scientific C'onimmiiration and .Security 

• S&T Issues in .National and Homeland .Security 
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This issue paper summarizes findings and recommendations 
from a variety of recently published reports and papers as 
input to the deliberations of the Committee on Prospering in 
the Globa! Economy of the 21st Centurv’. Statements in this 
paper should not be seen as the conclusions of the National 
Academies or the committee. 


K-12 Science, Mathematics, and Technolog> Education 


Sumnian 

US education in science, technolog)', engineering, and mathematics is undergoing 
great scrutiny. Just as the launch of Sputnik 1 in 1957 led the United States to undertake 
tiie most dramatic educational reforms of the 20th centurv’, the rise of new international 
competitors in science and teclinolog)' is forcing the United States to ask w hether its 
educational system is suited to the demands of the 21st centur)'. 

These concerns ;ire particularly acute in K‘12 education. In comparison with their 
peers in other countries. IIS students on average do w orse on measures of mathematics 
and science performance the longer they are in school. On comparisons of problem- 
solving skills, US students perform more poorly overall than do the students in most of 
the countries that have participated in international assessments. Some believe the 
United States has failed to achieve the objective e.stablished in the Goals 2000: Educate 
.America .Act — for US students to be first in the world in mathematics and science 
achievement in the year 2000. 

National commissions, industrial groups, and leaders in the public and private 
sectors are in broad agreement with policy initiatives that the federal government could 
undertake to improve K-12 science, mathematic's, and technology education. Some of 
these are listed below: 

Increasing the Number of Excellent Teachers 

• .Allocate federal professional-development funds to summer institutes that address 
the most pressing professional-development needs of matliematics and science 
teachers. 

• Keep summer-iastitute facilitators— teachers current w ith the most eflective 
teaching methods in their disciplines and who ha\’e shown demonstrable results of 
higher student achievement in mathematics and science abreast of new insights 
and research in science and matliematics teaching by providing fimding for 
training them. 

• Encourage higher-education institutions to establish mathematics and science 
teaching academies that include faculty from science, mathematics, and education 
departments through a competitive grant process. 
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• Support promising students to study science, mathematics, iuid engineering 
teaching — particularly those obtaining degrees in science, mathematics, or 
engineering who phm to teach at the K-12 level following graduation througli 
scholarships and loan programs for students as well as institutional funding. 
Qualified college .students and midcareer professionals need to be attracted into 
teaching and gi\en the preparation they require to succeed. Experts in 
mathematics, science, and technology should be able to become teachers by 
completing programs to acquire and demonstrate fundamental teaching skills. 
Recruitment, preparation, and retention of minority-group teachers are 
particularly important as groups underrepresented in science, mathematics, and 
engineering become a larger percentage of the student population. 

• Conduct an aggre.ssive. national-outreach media campaign to attract young people 
to teaching careers in mathematics and science. 

• Work for broad improvements in the professional status of science, mathematics, 
and technology teachers. Structured induction programs for new teachers, district- 
business partnerships, award programs, and other incentives can inspire teachers 
and eneourage them to remain in tlie field. Most important, salaries for seienee. 
mathematics, and technology teachers need to reflect what they could receive in 
the private sector and be in accord w ith their contributions to society, and teachers 
need to be treated as professionals and as important members of the science and 
engineering communities. 


Enhancing the Quality and Cohesion of Educational Standards 

• Help colleges, businesses, and schools work together to link K- 1 2 standards to 
college admissions criteria mid workforce needs to create a seamless K-16 
educational system. 

• Provide incentives for states and coalitions of states to conduct benchmarking 
studies between their standards and the best standards available. 

• Foster tlie development of high-quality ciurieula and assessments that are closely 
aligned w ith world-cla.ss standards. 

• Establish ambitious but realistic goals for student performance for example, that 
30 ® o of high-school seniors should be proficient in science bv 2010 as measured 
by the N.AEP. 

Changing the Institutional Structure of Schools 

• Provide seed money or incentives for new kinds of schools and new forms of 
schooling. Promising ideas include small higli schools, dual-enrollment programs 
in high schools and colleges, colocation of schools w ith institutions of higher 
education, and wider use of .\dvanccd Placement and International Baccalaureate 
courses. 

• Help districts institute reorganization of the school schedule to support teaching 
and learning. Possibilities include devoting more time to study of academic 
subjects, keeping schools open longer in the day and during parts of the summer, 
and pro\'iding teachers w ith additional time for development and collaboration. 
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• Provide scholarships for low-income students who demonstrate that they have 
taken a core eurriculum in high school that prepares them to study science, 
mathematics, or engineering in college. 

llic challenge for policy-makers is to find ways of generating meaningful change 
in an educational system that is large, complex, and pluralistic. Sustained programs of 
re.search, erxrrdination, and oversight can channel concerns over K-12 science, 
mathematics, and technology education in productive directions. 


fhr Challrnge of K-12 Science, .Mathematics, and Technology Education 

Ihe stale of US K-12 education in science, mathemiitics, and tcclmology has 
become a focus of intense concern. With the economics and broader cultures of the 
United States and other countries becoming increasingly dependent on science and 
technology, US schools do not seem capable of producing enough students w ith the 
knowledge and skills needed to prosper. 

On the 1996 National .Assessment of Educational Progress (N.AEP), fewer than 
one-third of students performed at or above the proficiency level in mathematics and 
science — with “proficiency” denoting competence in challenging subject matter.' 
.Alarmingly, more than onc-third of students scored below the basic level in these 
subjects, meaning they lack the fundamental knowledge and skills they will need to get 
good jobs and participate fully in our technologically sophisticitted society (sec Figure 
K12-1). 

International comparisons document a gradual decline in performance and interest 
in mathematics and science as US students gel older. ITiougli fourth graders in the 
United States perform well in math and science compared w ith their peers in other 
countries, Iwelfih graders in 1999 were almost last in perfomiance among Ihe countries 
that participated in the Third International Mathematics and Science Study (TIMMS).^ 
.Among the 20 countries assessed in advanced mathematics and physics, none scored 
significantly lower than the Elnited States in mathematics, and only one scored 
significantly lower in physics. 

nierc has been some good news about student achievement.* LIS eighth graders 
did better on an intcniational assessment of mathematics and science in 2003 111,111 they 
did in 1995. llic achievement gap scp,ir,iting black and Latino students from Europcan- 
.American students narrowed during that period (see Figure K 1 2-2). However, a recent 
assessment by the Program for International .Assessment foimd that US 1 5-year-olds are 
near the bottom of all countries in their ability to solve practical problems requiring 
mathcnwtical understanding. .Additionally, testing for the List 30 years has show n that 


' US Department of Education, National Center for Education Statistics, NAEP 1999 Trends in Academic 
Progress: Three Decades of Academic Performance, NCES 2000-469. Washington, DC: US Department of 
Education, 2000. 

^ US Department of Education. National Center for Education Statistics, Pursuing Excellence: A Study of 
Twelfth-Grade Mathematics and Science Achievement in International Context, NCES 98-049. 

Washington. DC: US Government Printing Office. 1998, 

’ Rodger W. Bybee and Elizabeth Stage, “No country' left behind,” Issues in Science and Technology, 
Winter 2005. pp 69-75. 
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although scores among 9- and 1 3-year-olds have increased, scores for 1 7-year-olds have 
remained stagnsint (see Figure K12-3). 

Perhaps the hardest trend to document is a sense of disillusionment with careers 
based on seienee and teehnologj / Fewer ehildren respond positively when sur\eyed to 
statements such as "I like math" than has been the ease in the past, llie number of 
schools offering advanced courses, such as .Advanced Placement and International 
Baccalaureate has increased dramatieally, but the vast majority of students in higli school 
w ill never take an advanced science or mathematics course (see Figure K12-4). .And a 
lack of interest in science, mathematics, and teehnologs is particularly pronounced 
among disadvantaged groups that have been underrepresented in those fields. 

In general, many .Americans do not know enougli about science, technology, and 
mathematics to contribirte to or benefit from the know ledge-based society that is taking 
shape around us. .At the same time, other countries have learned from our example that 
preeminence in science and engineering pays immense economic and social dividends, 
and they are boosting their investments in these critical fields. 

nic traditions of autonomy and pluralism in .American education limit the 
influence that the federal government can exert on state educational systems, school 
districts, and individual schools. Nevertheless, the federal government can enable change 
by leveraging its investments in K- 1 2 education, by providing infonnation and other 
re.sources to organizations, and by helping to coordinate the many groups and individuals 
with a stake in science, mathematics, and technology education. Three policy arenas 
seem particularly promising: teacher preparation, educational standards, mid institutional 
change. 

Iiiiproiliig the Quality of Mathematics, Science, and Tecimulogy Teaching 

Students learn about science, mathematics, and technology first and foremost 
through interactions with teachers. Changing the nature of those interactions is the surest 
way to improve education in these subjects in the L'nited States. 

Many mathematics and science teachers in US schools do not have backgrounds 
needed to teach these subjects well (see Figure K12-5).* .Many of these teachers at the 
high-school level— and even more at the middle-school level-do not have a college degree 
in the subject they are teaching (see Figure K 12-6). Many lack eertifieation to teach 
mathematics and science, and a subset of teachers start in the classroom without any 
formal training. The lack of adequate training and background is especially severe at 
schools sen ing large numbers of disadvantaged students, creating a vicious circle in 
which a substandard education and low achievement are intertw ined (see Figure K12-7). 
Ilie stresses on teachers are equally severe; Of new mathematics and science teachers, 
about a one-third leave teaching w ithin the first 3 years. 


^ Committee for Economic Development, Research and Policj' Committee. Learning for the Future: 
Changing the Culture of Math and Science Education to Ensure a Competitive IVorhforce. New York: 
Committee for Economic Development. 2003. 

* US Department of Educatioa The National Commission on Mathematics and Science Teaching for the 
2 1 St Century, Be/bre/Cs Too Late. Washingtoa DC: US Department ofEducatioa 2000. 
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Tlie best predictors ofhigher student aehie\ enient in mathematics and science are 
(1) full certification of the teacher and (2) a college major in the field being taught.* 
Teachers need a high-quality education and continued development as professionals 
throughout their careers. Federal policy initiatives that could help meet these objectives 
include the following: 

• .Mlocatc federal professional-development funds to summer institutes that address 
the most pressing professional-development needs of matliematics and science 
teachers. 

• Keep summer-institute facilitators.-teachers current with the most effective 
teaching methods in their disciplines and who have shown demonstrable results of 
higher student achievement in mathematics and science— abreast of new insights 
and research in science and mathematics teaching by providing funding for 
training them.* 

• Fneourage higlier-education institutions to establish mathematics and science 
teaching academies that include faculty from science, mathematics, and education 
departments through a competitive grant process. * 

• Support promising students to study science, mathematics. ;md engineering 
teaching particularly those obtaining degrees in science, mathematics, or 
engineering who plan to teach at the K-12 level following graduation tlirougli 
scholarships and loan programs for students as well as institutional funding. 
Qualified college students and midcareer professionals need to be attracted into 
teaching and given the preparation they require to succeed. E.vperts in 
mathematics, science, and tcchnologs' should be able to become teachers by 
completing programs to acquire and demonstrate fundamental teaching skills. 
Recruitment, preptiration. and retention of minority-group teachers are 
particularly important as groups imderrepresented in science, mathematics, and 
engineering become a larger percentage of the student population. ” 

• Conduet an aggressive national-outreach media campaign to attract young people 
to teaching careers in mathematics and science. 

• Work for broad improvements in the professional st-atus of science, mathematics, 
and technology teachers.'* Structured induction programs for new teachers, 
district-business partnerships, award programs, and other ineentives can inspire 
teachers and encourage them to remain in the field. Most important, salaries for 
science, mathematics, and technology teachers need to reflect what they could 
receive in the private sector and be in accord w ith their contributions to society. 


‘Ibid 
’ Ibid 
•ibid 
’Ibid 
” Ibid 

“ National Research Council, Committee on Science and Mathematics Teacher Preparalioa Editcahng 
Teachers of Science. Mathematics, and Technology: New Practices for the New Millennium. Washington. 
DC; National Academy Press, 2000. 

National Science Foundation, National Science Board, The Science and Engineering IVorlforce: 
Realizing America 's Potential /\rlington, VA; National Science Foundation. 2003. 
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and teachers need to be treated as professionals and as important members of the 
scicnee and engineering eommunities. 


Knhancing Ihr Quality and f ohesion of Kducational Standards 

Since the early 1990s. states have been developing aeademie standards in 
mathematies. science, and technology education based in part on national standards 
developed by the National Council of Teachers of .Mathematics, the National Research 
Council, the American .Association for the .Advancement of Science, and other 
organizations, llte use of these standards in eurrieulum development, teaching, and 
assessment has had a positive elTeet on student perfonnanee and probably contributed to 
the recent increased perfonnanee of eighth-grade students in international comparisons.''' 

But standards still vary greatly from state to state and across districts and often arc 
not well aligned w ith tlic tests used to measure student performance. In addition, many 
sets of standards remain focused on lower-level skills that may be easier to measure but 
are not necessarily linked to the know ledge and skills that students will need to do well in 
college and in the modern workforce. .A common flaw in mathematics and science 
curricula and textbooks is the attempt to cover too much material, which leads to 
superficial treatments of subjects and to needless repetition when hastily taught material 
is not learned the first time. Standards need to identify the most importmit "big ideas” in 
mathematies. science, and technology, and teachers need to ensure that those subjects are 
mastered. 

The No Child left Behind legislation requires testing of students' knowledge of 
science beginning in 2006-2007, iuid the science portion of the N.AEP is being 
redesigned. Development of such assessments raises profound methodologie issues, such 
as how to assess inquiry ,and problem-solving skills using traditional large-scale testing 
fomtats. 

Several federal initiatives can serve the national interest in establishing and 
maintaining high educational standards w hile respecting local respousibility for teaching 
and learning: 

• Help colleges, businesses, and schools work together to link K-1 2 standards to 
college admissions criteria and workforce needs to create a seamless K-16 
educational system,'* 

• Provide incentives for states and coalitions of states to conduct benchmarking 
studies between their standards and the best standards available. 

• Foster the development of high-quality curricula and assessments that are closely 
aligned w ith world-class standards. 

• Establish .ambitious but realistic goals for student performance for example, that 
,^0 “o of high-school seniors should be proficient in science bv 2010 as measured 
by the N.AEP. 


'* Bybee and Stage. 2005 

” National Science Foundation. National Science Board, Preparing Our Children: Math and Science 
Education in the Sational Interest, Arlington. VA; National Science Foundation. 1999 
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Changing the Institutional Structure of Schools 

Students and teachers remain constrained by several of the key organizational 
features of schools.'* Tlie structure of the curTiculum. of indi\ idual classes, of schools, 
and of the school day keeps many students from taking advantage of opportunities that 
could build their interest in science and technology. 

Possible federal initiatives include these: 

• Provide seed money or incentives for new kinds of schools and new forms of 
schooling. Promising ideas include small higli schools, dual-enrollment programs 
in high schools and colleges, colocation of schools with institutions of higlier 
education, and wider use of .Advanced Placement and International Baccalaureate 
coiuses. 

• Help districts institute reorganization of the school schedule to support teaching 
and learning.'’ Possibilities include devoting more time to study of academic 
subjects, keeping schools open longer in the day and during parts of the summer, 
and providing teachers w ith additional time for development and collaboration. 

• Provide scholarships for low-income students who demonstrate that they have 
taken a core curriculum in high .school that prepares them to study science, 
mathematics, or engineering in college. 


( iitiilyzing C hange 

Hie federal government has ;ui important role to play in catalyzing the efforts of 
states, school districts, and schools to improve science, mathematics, and technology 
education. Promising actions include the following: 

• I.aunch a large-scale program of research, demonstration, and evaluation in K-12 
science, mathematics, and technology education.'* Such a program should 
include distinguished researchers working in partnership with practitioners and 
policy-makers and supported by a national coalition of public ;md private funding 
organiz.ations and other stakeholders. 

• Help create a nongovernment Coordinating Council for Mathematics and Science 
Teaching that w ould bring together groups with a .stake in mathematics and 
science teaching and monitor progress on teacher recruitment, preparation, 
retention, and rewards.'* 


**US Department of Education, National Education Commission on Tune and Learning, Prisoners of Time, 
Washington, D.C.: US Department of EducaUon. 1994. 

” Ibid. 

'* National Research Council, Committee on a Feasibility Study for A Strategic Education Research 
ProgTum, Impro\'ing Student Learning: A Strategic Plan for EtAicalion Research audits Utilization, 
Washington, DC: National Academy Press, 1999 

” The NaUonal Commission on Mathematics and Science Teaching for the 2 1st Century, 2000 
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• Support the creation of state councils of business leaders, higlier-cdueation 
representatives, and K-12 educators to achieve comprehensive, coordinated, 
system-level improvement in science, mathematics, and technology education 
from prekindergarten through college,^® 

The L'nited States brings unique strengths to the challenge of reforming K-12 
science, mathematics, and technology education, including the ne.\ibility of its workforce 
and its unparalleled legacy of achievement in science and technology. 'Ihe challenge 
facing poliev’-makers is to find ways of generating meaningful change in an educational 
system that is large, complex, and pluralistic. 


“ Busincss-Higher EducaUon Forum. ^ Commitment to America s Future: Responding to the Crisis in 
Mathematics and Science Education, Washington. DC: American Council on Education. 2005 
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FIOI’RK K12-1A: Studies Suggest That a Large Portion of I’S Students Are 
l.acking in Science Skills. In 1996, at Least One- Third of Students in 4th, 8th, and 
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TABLE K12-6: Students \\'ho Take Seience and Mathematics C'ourses Might Not 
Have Teachers M ho Have Studied in the Fields They Are Teaching. 
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FIGURE K12-1A: Studies Suggest That a Large Portion of US Students Are 
Lacking in Science Skills. In 1996, at Least One-Third of Students in 4th, 8th, and 
12th Grade Performed Belosv Basic in National Tests. 


1996 Science NAEP. 
Grade 4; Percentage of Students 
Within Each Achievement Level 


1996 Soence NAEP. 
Grade 12: Percentage of Studenu 
Within Each Achievement Level 



Source: S.C. Ix>omi-s and ML. Bourque (Eds.) of Edttcational Progress Achievement 

Levels. 1 992- 1 998 for Science. Washington. DC: National .Assessment Governing Board. July 2001. 
.Available at http: www.nagb.org pubs scicnccbook.pdf 
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FIGl'RE K12-1B: The Results Are Similar for Mathematics: 30% of Students 
Score<l lielow Basic. 


1996 Mathematics NAER 
Grade 4: Percentage of Students 
Within Each Achievement Level 


1996 Mathematics NAEP, 
Grade 12: Percentage of Students 
Within Each Achievement Level 



1996 Mathematics NAEP. 
Grade 8; Percentage of Students 
Within Each Achievement Level 

3.8% Advanced 




Source: S.C. Loomis and M.L. Bourque {^6s.)NaUonal Assessment of Educational Prepress Achievement 
Levels. 1992-1998 for Science. \Va.shington, IX": Nalional Assessment Governing Hoard. July 2001 . 
Available at http: w^vw .nagb.org pubs sciencebook.pdf 
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TABLE K12-2A: International Comparisons Also Show Problems for the US. 
1995 and 2003 US 4th-Grade Mathematics TIMSS Scores Remained Constant, 


Most Nations Improved. 


Average mathematics scale scores of fourth-grade 
students, by country: 1995 and 2003 
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475 

Scotland' 
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389 


■ Average is higher than the U5. average 
Average is rxrt measurably differerK from the U5. average 
□ Average is lower than the U.S. average 
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Region (SAR) of the People's Republic of 
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average score Parentheses indcate 
countries that didnot meet inleraabooal 
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the Evaluation of Educational 


acbevement (lEA). Trends in 
IntemaAonal Madiemabcs and Science 
awdy (TIMSS). 1995 and 2003 


Source; National Center for Education Statistics. Highlights from the Trends in International MatlienKitics 


and Science Study: TIMSS 2003. Washington, DC: United States Department of Education. December 
2004. p.8. Available at: http://nces.ed.gOv/pubs2005/2005005.pdf. 
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TABLE K12-2B; 8"'-Graders Did Show Improvement from 1995 to 2003, but 


Scores Were Still Not Among the Best. 

Average mathematics scale scores of eighth-grade 
students, by country: 199S and 200) 
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Study (TIMSS). 1995 and 2003 


Source: National Center for Education Statistics. Highlights from the Trends in International 
Mathematics and Science Study: TIMSS 2003. Wa.shington. DC: United States Department of 
Education. December2004. p.9. Available at: http://nces.ed.gOv/pubs2005/2005005.pdf. 
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TABLE K12-2C: Although the US Is Still Near the Top in 4th"Grade Science 
Scores, in 2003 US Placed Fifth, Compared with Second in 1995. 


Differences in average science scale scores 
of fourth-grade students, by country: 199S 
and 2003 
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Eftu&ater m thii taUe vecomputeifor rtudsitdaufbt in 
Efiahtb oolf. which rtpret alt between 98-99 percent of die 
ttudeta populiboo in both yean 
HOTE Countner ve ordered based oo die 2003 avwiS* 
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Source: National Center for Education Statistics. Highlights from the Trends in International Mathemalics 
and Science Study: TJMSS2003. Washington. DC: United States Department of Education. December 
2004. p.l6. Available at: hltp://nccs.ed.gov/pubs2005/2005005pdf. 
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TABLE K12-2D: There Has Been a Large Improvement in 8th-Grade Science 
Scores Since 1995. 
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Source; National Center for Education Statistics. Highlights from the Trends in International Matltematics 
athi Science Study: TIMSS 2003. Washington. DC: United States Dcpaftmcnl of Education. December 
2004. p.l 7. Available at; http;//nces.ed.gov/pubs2005/2005005.pdf. 
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FIGVRE K12-2R: TIMSS Data for 4th and 8th Graders Show Performance 
(>ap Bet>veen Blacks, Latinos, and Kunipean Americans Has Diminished. 




White Black Hispanic While Black Hispanic 


Source; National Center for Education Statistics. Highlights from the Trends in International Mathematics 
andSdence Stuch': TIMSS 2003. Washington, DC; United States Department of Education. December 
2004. Tables C8, Cl I, C28. C20. Available at; http;//nces.ed.gov/pubs2005/2005005.pdr 
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TABLE K12-3A: Long-Term Trends Show Improvements at Ages 9 and 13, But 
No Significant Improvement for 17- Year-Olds. 

Trends in average mathematics scale scores for students 9, 13. and 17; 1973-2004 


Scak score 



Age 17 


Age 13 


Age9 


J ftwr itfcrh 300*. 

NOTL Dashed hMS raorsscM SD«sp«(aisd data. 

SOURCE: U.& Depament ed Educaaon. InaMiti e< Educaoon Soencas. Natnnal Canttr fv EdecMw StttMca. Nawrtal Asawemirii of EdocMmal Pnvrn (NAER). saloclod jaen. 
1973<2004 lon ek oti twid MadMUMa AsseMments. 

Source: National Assessment Governing Board. National Assessment of Educational Progress 2004: 
Trends in Academic Progress Three Decades of Student Performance in Reading and Mathematics. 
Washington, E>C: United States Department of Educatioa July 14. 2005. 
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TABLE K12-3B; Scores in 1996 and 2000 Show a Sex Gap in Mathemathics and 
Science; Overall Fewer Students Performing at the Basic Level or Better in 2000. 
Appendix table 1-4 

Students at or above basic and p....... ...jematlcs and science, grades 4, S. and 12. by sex: 

1996 and 2000 
(Percent) 




1996 



2000 


Variable 

Grade 4 

Grades 

Grade 12 

Grade 4 

Grades 

Grade 12 

Mathemabcs 

At or above basic 

Male- - 

65' 

62* 

70* 

70 

67 

66 

Female - 

63* 

63 

69* 

68 

65 

64 

At or above proficient 
Male- - 

24* 

25* 

18 

28 

29 

20 

Female 

19* 

23 

14 

24 

25 

14 

Science 

At or above basic 

Male - 

68 

62 

60* 

69 

64 

54 

Female - 

67 

61 

5S 

64 

67 

61 

At or above proficient 
Male. - 

31 

31* 

2S 

33 

36 

21 

Female.................. 

27 

27 

17 

26 

27 

16 


*SionincanDy AferenI froni 2000. 


SOURCES: U.S. Oeparlment ol EducaOon, Nattonal Center (or Eductfton StaBsDcs (NCES. Tl» Hatkm's fieporl C»nt hbltmafcs 
ZCOO. HCB 2001*517 (WastUngton. OC: (J.S. Department oT Education. 2001 }; and NCES. n» Naton S flepoft CM: Sdence 2000. 

NCES 2003-453 (WaslUngton. OC OS. Depwtment of Educaoon. 2003L 

Science A Engineering ln<^cators - 2004 

Source: National Science Board Science and Engineering Indicators 2004 (NSB 04-01). Arlington, 
Virginia. National Science Foundation. 2004. ^pendix Table 1-4. 
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TABLE K12-4A: The Vast .Majority of Students M ill Never Take an .\dvanced 
Mathematics Course While in High School. 

selMOl indHlH cw^Me s^vaKid Mtmulin c«riM(1«D. IWI.aMl hf tkidMl and 

stfeeeldMraclwMctM 1990 


Smt aid dundnlB 

tti 

■iKtral 

*tr 

prac^odur 

auM* 

ktt 

enbiMr 

4*1 

C/toim 

Af/B 

1990 

20.7 

134 

1.0 

73 

NA 

1994 

2*0 

174 

21 

103 

W 

1999 

204 

291 

97 

114 

93 

IMl.. 

19.4 

291 

94 

120 

49 


22S 

299 

40 

114 

90 

«ii» . 

209 

291 

43 

131 

7.0 

*—>1^agfcli»aida 

19.0 

414 

99 

201 

191 

ttafc — 

1S.S 

14.0 

21 

73 

3.3 

Mpaae . .. 

109 

194 

1.7 

7.1 

27 

SdieoluWiKily 

U*« 

190 

29$ 

99 

133 

7.7 

Suturtan 

209 

297 

40 

12-1 

74 

M .. 

220 

134 

94 

104 

3$ 

SiSmIaaa 

SmI— 

224 

21.9 

99 

104 

34 

IMwii 

21.9 

22.9 

34 

129 

99 

Lao* - 

197 

291 

34 

10.3 

7.7 

Sdnolpo***!^ 

Va»bw.— .. . 

293 

394 

95 

ISO 

99 

1m. 

191 

23.9 

43 

120 

97 

IMua 

224 

14.9 

13 

93 

19 

H«h .... 

299 

94 

09 

99 

49 



imlitiwi<uw-IO»-l.a9e Marti-aaeawlM* 

>y •* MM «iatM Itr H» « liMh*» loy IM • S pmM 0> M*. IM • l-K pMOK 
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MOTtS # M e OQUM awt (MM MCMMf • 1 *M IM Sm M M • pier IMK #« oaoM MWM* Wl CaoM M n 
fiarvMtcMaaiaidnlaNnreMaAa'Btani MntM.Ji^adScanniiancMMiMM^MMMltfeoinB 
sounct US Om«M •• MMw. «MM CMr Mn»w 9MM M|ft SM »ne«l SM«. IVM |W1 


Sonno S fi nyw nng MacaKw - 3C0< 

Source: National Science Board. Science and Engineering I ndicaiors 2004 (NSB 04*01). Arlin^on, 
Virginia. National Science Foundatioa 2004. A(^endLx Table 1-10. 
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TABLE K12-4B; Nor an Advanced Science Course, 
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140 

6)7 

90 

374 
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157 

■ML 
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»3 

00 
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112 

it 
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20 
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12 

02 
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4)0 
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624 

U 
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27 
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SM«Mn 

304 

&0 

961 

32 

312 
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M 
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20 

509 

10 

221 

04 

72 
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29 

977 

oo 

25.7 

02 
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49 
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20 
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10 
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Source: National Science Board. Science and Engineering Indicators 2004 (NSB 04-01). Arlington. 
Virginia. Naticmal Science Foundation. 2004. Appendix Table 1-11. 
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FIGl'RE K12-4C’: Even Though the Number of Schools OfFeruig Advanced 
Placement Courses Has Increased Rapidly. 



•^School* 


Ytar 


Source: National Research Council. 2002. Learning and Understanding: Improving Ad\’anced Study of 
Mathematics and Science in US High Schools. Washington DC: National Academies Press Data courtesy 
of Jay Labov, Center for Education, National Academies 
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FIGURE K12-5: In 1993-1994, Over 20% of Mathematics and Science Teaching 
Positions Were Filled by NonCertified Teachers. 
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National Center for Education Statistics. Schools and faffing Survey (1993-1994). Washington. DC: 
United States Department ofEducation. 
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TABLE K12-6: Students Who Take Science and Mathematics Courses Might Not 
Have Teachers V\'ho Have Studied in the Fieids Thev Are Teachins. 
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TABLE K12-7: Many New Science and Mathematics Teachers Report Feeiing III 
Prepared to Handle the Challenges ofTeaching. 


Appendix taUe 1-1S 
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69.4 
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63.8 

$1.3 

737 

7^5 

630 

No 

49.1 

58.0 

81.0 

41.5 

S9.0 

610 

466 

Mentor 

Yas - 

550 

73.6 

84.9 

51.5 

75.3 

740 

64.6 

No 

420 

54.4 

79.7 

42.6 

600 

60.4 

492 


SOtflCC.UA.Ow«hiwrt<i<Ol«Miui.lMMBlCo<a« la edMUnSWMM.SannanJStWhvSiftn 1000-2000. 


Soonco i Engtn9»nng Indicator - 2004 

Source; National Science Board. Science and Engineering Indicators 2004 (NSB 04-01). Arlington. 
Vii^inia. National Science Foundation. 2004. Appendix Tables 1-13. and 1-15 
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FIGl'KK kl2-8: Kelevant Data on Students, Teachers, and Costs (Public Schools) 


Fall 2003 Enrollment K-12' 48,132,518 

High School Graduates - 2003-04' 2,771 ,781 

Male graduates going to college - 2001^ 60% 

Female graduates going to college - 2001^ 64% 

T otal number of school teachers - 2003-04’ 3,044,01 2 

Total number of math and science teachers (k-12)* 1 ,7(X),0(X) 

Total number of math teachers (6-12) lOOS-CW* 191,214 

Total number of science teachers (6-12) ISSS-OO* 159,488 

Average public school teacher salary - 2(X}3-04' $46,752 

Average Spent Per Student' $8,248. 

Operating School Districts in the United States’ 15,397 


Sources: 

1 )NaUona! Education Association. Rankings A Estimates: Rankings of the States 2004 ami Estimates of 
School Statistics 2005- Atlanta, GA: NEA Research. June 2005. Available at: 
http:/Avww.nea.org<'edstats:images'05ranktngs pdf 

2) NaUonal Science Board Science and Engineering Indicators 2004 (NSB 04-01). /Xrlington, Virginia 
National Science Foundation 2004 Appendev Table 1-19 

3) NaUonal Commission on MathemaUcs and Science Teachmg for the 21st Century Before It'sTooLate: 
A Report to the Nation. September 27, 2000, Available at: http:/Avww.ed gov/inits’^lath/glenrVtoc html 

4) NaUonal Center for Education Statistics Digest of Education Statistics 2003. Washington. DC: United 
States Department of Education. 2004 Table 67. 
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This paper summarizes findings and reeommendations from a 
variety of reeently published reports and papers as input to 
the deliberations of the Committee on Prospering in the 
Global Economy of the 21st Century, Statements in this 
paper should not be seen as the conclusions of the National 
Academies or the committee. 


Attracting the Moitt Able US Students 
to Science and Engineering 


Sumniiin 

Tile world economy is growing rapidb’ in fields that require science, engineering, 
and technologic skills. T he United States can remain a leader in .science and engineering 
(S&E) only with a well-educated and etTeetively trained population. The most innovative 
S&E work is done by a relatively small number of especially talented, knowledgeable, 
and accomplished individuals. Because of the importance of S&E to our nation, 
attracting and retaining individuals capable of such achievements ouglit to be a goal of 
federal policy. 

It follows that a key component of national and economic security policy must be 
US S&E students. The United States has relied on draw ing tlie best and brightest from an 
international talent pool. However, recent events have led some to be concerned that the 
United States eaiuiot rely on a steady fiow of international students, furthermore, as 
other developed countries encourage international students to come to their countries and 
dei eloping countries enhance their postsecondary educational capacity, there is increased 
competition for the best students, which could further reduce the flow of international 
students to the United States. Tlierefore. any policies aimed at encouraging student 
interest in S&E mast have a significant component that focases on domestic talent. 

fundamentally, policy levers designed to influence the number of US S&E 
workers fall into two categories: supply-side and demand-side. .Among supply-side 
issues are K-12 science, mathematics and technology’ teaching, midergraduate S&E 
educational experience, graduate training experience, opportunity costs compared with 
those of other fields and professions, and length of postdoctoral training period. On the 
demand side are funding for research and availability of research jobs, both of which are 
powerfully inlluenced by public policies and by public and private expenditures on 
reseiirch and development. 

Past reports have identified a number of options the federal government could 
take to inlluence the education and career decisions of top US students, including the 
following: 
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• Double the number of magnet high sehools speeializing in science, technology, 
engineering, and mathematics from approximately 100 to 200 over the nexi 10 
years. 

• Support competitive undergraduate scholarships for students interested in science, 
mathematics, and engineering. 

• Provide scholarships to all qualified students majoring in science or mathematics 
at a 4-\ear college who have an economic need and who maintain higli levels of 
academic achievement. 

• Provide at least 5,000 portable graduate fellowships, each w ith a duration of up to 
5 years, for training in emerging fields, to encourage US students to pursue S&E 
graduate studies. 

• Provide graduate student stipends competitive with opportunities in other venues. 

• Support a significant number of selective research assistant professorships in the 
natural sciences and engineering open to postdoctoral scholars who are US 
citizens or pemianent residents. 

• Partner with industiy to sponsor a series of public-serx ice amiouncements exalting 
science and technology careers. 


(letting an Karly Start: K-12 S&E Programs 

One proven way of fostering students’ interest in science and technology is 
through magnet high schools th.at emphasize those subjects. 'Ihere arc approximately 100 
such schools in the United States, and studies have shown that graduates from these 
sehools are more likely to study science, mathematics, or engineering in college and enter 
those fields during their careers.* It is not known, howev er, w hether these students would 
have had similar career trajectories even if they had not attended magnet schools. 

During the imdergraduate years, involvement in research projects and the 
guidance of experienced mentors are pow erful means of retaining students in S&E. ^ 
Mentors can provide advice, encouragement, and infomiation about people and issues in 
a particular field. .\n early exposure to research can demonstrate to students the kinds of 
opportunities they will encounter if they pursue research careers. 

Trends in ITidergraduiite and (Iraduate Student Interest in S&E 

Wlien one examines the issue, it becomes clear that there is a great deal of 
domestic student interest in undergraduate S&E programs. .About .50“o of students 
entering college in the United States (of whom over 95*10 are US citizens or pemianent 
residents) intend to major in S&E fields. This proportion has remained fairly constimt 
over the last 20 years. However, a considerable gap exists between freshman intentions 
and suecessfiil degree completion. Undergraduate S&E programs report the lowest 
retention rate among all academic disciplines. .A National Center for Educational 


' Kendall Powell. "HothoUSe HigK” Mature 435 (2005): 874-S75 

’ Rena F Subotnik, Karen Maurer Stone, and Cynthia Steiner, “Lost Generation of Elite Talent in Science," 
Journal of Secondary' Gifted Education 1 3(200 1 ) :33-43 
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Statistics (N’CES) longitudinal study of first-year S&E students in 1990 found that fewer 
than 50®o of undergraduate students entering college declaring a S&E major had 
completed S&E degrees within 5 years.^ Indeed, approximately 50®o of such 
undergraduate students changed their major field within the first 2 years/ 
Undergraduates who opt out of S&E programs are among the most highly qualified 
college entrants.*^ Tliey are also disproportionately women and nonvvhite students, 
indicating that many potential entrants are discouraged before they can join the S&E 
worklbrcc/ 

Graduate enrollment in S&E programs has been a relatively level 22-26^o of total 
enrollments since 1993 (see Figures 'fS-l and TS-2). Growth in the number of S&E 
doctorates awarded is due primarily to the increased numbers of international students 
but also to the increasing participation of women and underrepresented minority groups/ 
If the primary objective of the US S&E enterprise is to maintain excellence, a major 
challenge is to detennine how to continue to attract the best intenialional students and at 
the same time encourage the best domestic students to enter S&E undergraduate and 
graduate pro^ams. 


l>ecision Points and Disincentives 

'ITiere are inherent disincentives that push students away from S&E programs and 
careers. These disincentives fall into three broad categories: cuiriculum. economics, and 
environment. Undergraduate attrition may be due partly to a disconnect between the 
culture and curricula in high schools compared with those at colleges and uni\ersities.^ 


^ Berkner LK. Cuccaro-Alamm S. and McCormick AC. 1996. Descriptive Summar>’ of 1989-90 Beginning 
Postsecondar)’ Students 5 Years Later With an Essay on Posisecondary Persistence and Attainment 
(NCES 96155), Washington DC: National Center for Education Statistics 

* Smith T. 2001. The Retention and Graduation Rates of 1993-1999 Entering Science. Mathematics, 
Engineering, and Technology Majors in 1 75 Colleges and Universities. Norman. OK: Center fw 
Institutional Data Exchange and Analj'sis (C-IDEA), the Universiw of Oklahoma 

* Tobias S. 1990 The}'’n Not Dumb. They 'rv Different. Stalking the SecondTier. Tucson, AZ Research 
Corporation, Seymour E, and Hewitt N. 1997 Talking About Leaving: ftTiy L’ndergraihiates Leave the 
Saences. Boulder. CO: WesWiew Press, Ohland MU^ Zhang, G, Thomdyke B, and Anderson TJ 2004 
“Grade-Point Average. Changes of Major, and Majors Selected by Students Leaving Engmeering.*' S/*" 
ASEE/IEEE Frontiers in Education Coitference. Session TIG: 12-17 

* Fox MF and Stephan P. 2001 “Careers of Young Scientists: Preferences. Prospects, and Reality by 

Gender and Social Studies of Science 31 109-122; Tan DL. 2002. Majors in Saence, Technology. 

Engineering, and Mathematics: Gender and Ethnic Differences in Persistence and Graduation, NcMman. 
OK University of Oklahoma Available at http .'/www.ou edu cducatioiv'csar/litcralure'lan_paper3. pdf; 
Building Engineenng and Science Talent (BEST) 2004 The Talent Imperative: Dh’ersijying America’s 
S&E IVoriforce. San Diego: BEST; Heyman GD, Martyna B, and BhaUa S 2002 "Gender and 
Achievement-Related Beliefs among Engineering Students " Journal of H’omen and Minorities in S&E 8 
33-45 

’National Science Foundation 2003 Graduate Enrollment Increases in S&E Fields. Espeaally in 
Engineenng and Computer Sciences (NSF 03-315) Arlington, VA National Science Foundation 

* Vencaa A, Kirst MW. and Antonio AL 2003. Betraying the College Dream: How Disconnected K-1 2 
and Postsecondary Education Systems L>i<ili?/7nr/je Student .Aspirations Stanford. CA: The Bndge Project, 
Stanford University Available at: 

http / ‘v.'W'w Stanford. eda'groupbndgeprojectbetrayingthecollegedream pdf 
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For example, poor mathematics preparation in higli school may underlie .attrition in 
undergnaduate physics programs. Underrepresented groups such as blacks and .Vmcriean 
Indians, who are educated disproportionately in underseraed communities, are on the 
whole less well prepared for college.’ These types of problems suggest transitional 
programs to bridge the gap betw een high school and college, but the \ alue of such 
strategies has not been compared with those .at other levels in the educational system. 

Higher education is costly, and employment opportunities fluctuate. Whether a 
student perceives that a degree w ill lead to a viable career is a major factor determining 
choice of field."* This is illastrated particularly well in engineering: undergraduate 
student decisions to major in partieukar fields vary depending on business cycles. 

Research indicates th.at large schools, which often fo.ster a competitive "weeding 
out” environment, have a much higher attrition rate than smaller schools, lliis 
environment can be compounded by the culture of specific fields. Some researchers 
argue that a key factor in stemming attrition is feeling coiuieeted to the intellectual and 
social life of the college." .Another researcher writes of tliree types of uniaersity 
cultures — the elite (scientific excellence), the pluralist (research, teaching, and seraice), 
and the communitarian (citizenship) — each carrying its oavn set of values and signals, 
some of avhich are competing." Departments, colleges and universities, and professional 
societies each have a role in providing a high-quality, engaging learning environment. 

.After a student's detennination of an undergraduate m.ijor or concentration, 
another key transition point is a decision to enter and complete graduate training." 

Major factors to consider include time to degree and economics. '' Unclear job prospects 
and lost earning potential are major disincentives for many considering an .id\ anced S&F, 
degree." .An issue raised in several studies on doctoral education is that prospective 
students are underinformed. .A large, cross-disciplinaryy multi-institutional sun ey on the 
experiences of doctoral students indicated that students entering doctoral programs 
entered their programs “w ithout having a good idea of the time, money, clarity of 


® Babco E. 2002. Trends in African American and Native American Participation in STEKi Higher 
Education. Washington DC: Commission on Professionals in Science and Technology. 

Clolfeltner CT, Ehrenberg RG, Getz M, and Siegfried JJ. 1991. Economic Challenges in Higher 
Education. Chicago, IL: The University of Chicago Press, 

Teitelbaum MS. 2003 "Do We Need More Scientists?" The Public Interest 153:40-53 
" Tinto V. 1993, Leaving College: Rethinking the CaUSes and Curses of Student Attrition. Chicago, IL: 
The University of Chicago Press; Braxton JM. 2002. Reworking the Student Departure Puzzle. Nashville, 
TN: Vanderbilt University Press 

“ Fox MF and Stephan P 2001 "Careers of Young Scientists: Preferences, Prospects, and Reality by 
Gender and Field.” Social Studies of Science 31 : 109-122. 

Lu A. 2002. The Decision Cycle for People Going to Graduate School Stamford, CT: Peterson's 
Thomson Learning. 

“ COSEPUP. 1995. Reshaping the Graduate Education of Scientists and Engineers. Washington EX^: 
National Academy Press. 

Freeman R, Weinstein E, Mahncola E, Rosenbaum J, and Solomon F. 2001 . “CAREERS: Competition 
and Careers in Biosciences.” Science 294(5550): 2293-2294; Butz W, Bloom GA, Gross N4E, Kelly TK, 
Kofner A, and Rippen HE. 2003. Is there a Shortage of Scientists and Engineers? How Would We Know? 
Santa Monica, CA: RAND Corporation, IP-24I-OSTP. Availabel at: 

http://www rand org/publicationslPTP241/IP241. pdf; Teitelbaum MS. 2003. "Do We Need More 
Scientists?” The Public Interest 153:40-53. 
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purpose, and perseverance that doctoral education entails”,’* ITie burden of being 
informed does not rest solely on the prospective student. While professional schools 
make a point to infomi prospective students of the salary and employment le\els of 
graduates, it appears that S&E graduate programs rarely make such information 
available.” 

Career Prospects in .S&E 

Students considering research careers ean faee daunting prospeets. Graduate and 
postdoeloral training may take over a decade, usually with low pay and few benefits. 

Most researchers do not become full-fiedged members of the profession until their mid- 
30s or later an especially onerous burden for those who are trying to balance the 
demands of w ork and family. 

Even at the end of tliis long training period, many do not find the jobs for which 
they have been trained, llie stagnation of funding for the physical sciences, mathematics, 
engineering, and the social sciences over the last decade has led to fewer academic 
faculty positions in these fields. Even in e.xpanding fields, sueh as the biosciences, tlie 
number of permanent academie research and teaching positions has not kept up with the 
growing number of students w ho are entering tliese fields. .‘\s a result, more and more 
researchers languish in temporary positions.*® llie fa.stest-grovving employment eategory 
sinee the early 1980s has been “other academic appointments”, which is currently 
increasing at about 4.9*16 annually .” Tliese jobs are essentially holding positions filled by 
young researchers coming from postdoctoral positions who would like to join an 
academie faculty on a tenure track and are w illing to wait. It is an increasingly long wait 
as institutions are decreasing the number of faculty appointments to decrease the long- 
term commitments that they entail. From 1993 to 2001, the number of biomedical 
tenure-track appointments increased by 13.8“o, while those for non-tenure-track faculty 
increased by 45. 1®6 and other appointments by 38.9“o (see Figure TS-3). 

In fields outside the life sciences, most doctorates go on to careers in industry or 
government (see Figure TS-4). Increasingly, these sectors are providing research 
opportunities for tlie best students. .At the same time that biotechnology firms are gearing 
up their R&D operations, top industrial research laboratories, such as Bell Labs andXerox 
Pare are closing down, leaving physical-science graduates with few options. 

Increasingly, mathematics and computer-science graduates are turning to finance and 
Wall Street. Given these shifts in workforce opportunities, top US students may consider 
options other than S&E very attractive. Careers in such professions as law, medicine. 


'® Goldc CM and Dorc TM. 2001 , At Cross Purposes: lITtat the Experiences of Doctoral Students Rewat 
about Doctoral Education. Philadelphia PA A Report Prepared for The Pew Chantable TrUSts 
’’ Romer P. 2000. Should the Government Subsidize Supply or Demand in the Kfarket for Scientists and 
Engineers? (Working Paper 7723) Cambridge. MA NaUonal Bureau for Economic Research Availabc 
at http //WWW nber org/papersAv7723. National Research Council 1998 Trends in the Early Careers of 
Life ^ientists, Washington. D C.: NaUonal Academy Press 

'* National Research Council, Trends in the Early Careers of Life Scientists, Washinglon. DC: NaUonal 
Academy Press, 1998 

” National Research Council 2005, .4di'ancing the Nation 's Health Needs Washinglon. DC: National 
Academies Press. 
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business, and health serv ices require less training, offer more secure job prospects, and 
have nnieh higlier lifetime earning potential (sec Table TS-1). 


Interest in Research Careers by Top Students Tracks .Job .Market 

'nie current contrast between these options and research is intlueneing career 
decisions. .According to available sources of data, accomplished US students are 
increasingly turning away from S&E. especially during their undergraduate years. In 
the 1990s. surveys of .science majors from top universities showed a striking decline of 
intcrc.st in S&E careers. Retween 1984 and 1998. the percentage of college seniors 
planning to go to graduate school in the next fall in S&E fields dropped from 17®o to 
12”b. .Among those students with .A or .A- grade-point averages, the declines were 
comparably steep — from 25 t o to 18 “/o.^' 

Between 1992 and 2000, the number of college seniors who scored highly on the 
Ciraduate Record Examination (ORE) and indicated that they intended to study S&E in 
graduate school fell by 8“6, Tlie number of these top students planning to go to graduate 
school in fields other than S&E grew by 7®o (Figure TS-5). Hie greatest declines were in 
engineering (25“o) :uid mathematics ( 19®o). .Among top GRE scorers, however, 
enrollment in biological sciences programs showed a 59 “o gain. VV'hen it came to careers 
outside S&E. the researchers found that the fields attracting the largest growth in top 
GRE scorers were short training programs in health professions, such as physical therapy, 
speech and language pathology, and public health drawing 88 t'o more top scorers in 
2000 thiin in 1992. 

Where are top students going if not into S&E? 'llie top US students do not .appear 
to be headed in large numbers into law school or medical school, where enrollments have 
been fiat or declining. But more do seem to be attracted to graduate business schools, 
where the number of MB.As awarded annually grew by nearly one-third during the 1990s. 
During this period. m<an\ S&E undergradiurte students also may have entered directly 
into the workforce after graduating, attracted in p.art by the booming economy. .As the 
economy slowed in the early part of this decade, some of these students may have 
returned to graduate school, and more undergraduates may have opted to continue their 
studies.’^ 

Indeed. 1999 appears to have been the nadir for student interest in S&E graduate 
study. The economy's recent slump has prompted growing numbers of top US college 
graduates to attend graduate school, new d.ata show, sharply reversing course from the 
late 1990s, when more of the brightest young .Americans headed for quieker-payoff 


“ William Zumeta and Joyce S Raveling. “Altracung the Best and the Bnghtesl," Issues in Saence and 
Technology. Winter 2002, pp 36-40 

Engin I. Holmstrom. Caihenne D Gaddy. Virginia V Van Home, and Carolyn M. Zimmerman. “Best 
and Bnghtesl Education and Career Paths of Top S&E StudenLs,” Washington. DC: Commission on 
Professionals in Science and Technology. 1997. 

“ William Zumcla and Joyce S Raveling. “The Best and the Bnghtesl for Science: Is There a Problem 
Here?" Pp. 121-161 in M.P, Feldman and A.N. Link (eds.). Innovation Policy in Ihe Knowledge-Based 
Economy. Boston: Kluwer Academic Publishers, 2001 
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careers in business and health. By 200 1, with fewer high-technologs jobs beckoning, the 
share of top US citizen scorers (above 750) on the ORE quantitative scale heading to 
graduate school in the natural sciences and engineering increased by about 3 1 % 
compared w ith 1 998. after having declined by 2 1 % in the previous 6 years.^’ This recent 
increase is comparable w ith the 29 °o gain in the number of all score levels of examinees 
who intended to enroll in graduate school in S&E. .And the total number of GRE 
examinees increased by 9 lb between 1998 and 2001, suggesting that more students in a 
variety of fields were preparing for graduate school. 


E'nrollnicnts of International Students"* 

.As the number of US students studs ing S&E in graduate schools has dropped, 
these .schools and employers of scientists and engineers have compensated by enrolling 
and employing more students and trained personnel from other countries. In 2003, 
foreign students earned 38 % of doctorates in the S&E, including 59 “ b of engineering 
doctorates.^^ In 2000, foreign-bom professionals occupied 22 % of all US S&E jobs, up 
from 14 “b just 10 years before. 

But relying on foreign sources of students and research professionals is risky. As 
systems of higher education and research continue to develop in other countries, it is 
likely that fewer scientists and engineers will want to come to the United States to study 
or work. Security concerns also have led to a drop in applications to US graduate 
programs from international students. Over time, multinational finns may decide simply 
to locate their R&D facilities overseas, closer to their sources of scientists and engineers. 
Finally, an overreliance on foreign-bom scientists and engineers may have the subtle 
elTect of discouraging US students from entering these fields, both because of cultural 
differences they might encounter during their education (about 20 % of the faculty 
members in S&E were not bom in the United States’*) and because of a dow nward 
pressure on wages caused by an abundance of international scientists and engineers eager 
to work in this country. 


^ William Zumela and Joyce S. Raveling, "The Market for Ph.D. Scientists; Discouraging the Best and 
Brightest? Discouraging All?” AAAS Symposium, February 16, 2004. Press release available at 
http://www. eurekalert.org /pub_releases/20044)2Aiow-rsl021 304. php 
^ See also the Intematronal Students Issue Bnef elsewhere in this report 

“ National Academies. Policy Implications of International Graduate Students and Postdoctoral Scholars 
in the United States, W’ashingtoa DC: National Academy Press, in press. 

^ National Science Board, S&E Indicators, 2004, .Arlington, VA: National Science Foundation, 2004. 
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Possible federal actions include the following: 

• Double the number of magnet high schools speciali/ing in science, technology', 
engineering, and mathematics from approximately 100 to 200 over the next 10 
years. Federal support for these schools w ould send a pow erful message to the 
entire K-12 system about the importance of science and technology. 

• Sponsor regional, national, and international meetings and competitions for higlt- 
school students and undergraduates interested in science, mathematics, and 
engineering. Rxlraciuricular activities and interactions with established scientists, 
mathematicians, and engineers can be powerful motivating forces for students 
interested in these subjects. 

• Partner w ith industry to sponsor a series of public-service announcements exalting 
S&E careers.^’ 

• Provide scholarships to all qualified students majoring in science or mathematics 
at 4-year colleges w ho have an economic need and who maintain high levels of 
academic achievement.^* Financial assistance also should be provided to 2-year 
colleges and to students at those institutions to prepare for careers in S&E and to 
transfer to 4-year programs. Tax credits could be provided to companies or 
individuals who contribute to scholarship funds for S&E students. 

• Provide at least 5,000 portable graduate fellowships, each with a duration of up to 
5 years, for training in emerging fields.” 

• Support prestigious fellowships for graduate study in S&E at I’S universities that 
would inspire the best US students in these fields. Tliough these grants should be 
linked to the student and therefore portable, an institutional component of each 
grant would spur competition for these students among institutions. 

• Provide graduate-student stipends competitive with opportunities in other 
venues.^" 

• Sub.stantiallv increase the number of undergraduate and graduate S&E students 
drawn from the "underrepresented majority".*' Today, women, blacks, tiispanics. 
.\merican Indians, and persons with disabilities make up two-thirds of the US 
workforce but only 25 <10 of the technical workforce. 


Amcncan Electronics Association. Losing Ihn Competitive Challenge? Washington. DC: Amencan 
Electronics .Association, 2005 

** Council on Competitiveness, Innovate America: National Innovation Initiative and Report, Washington, 
DC: Council on Competitiveness, 2004 
” Ibid 

National Science Board, 2003. 

Building Engineering & Science Talent. The Talent Imperative, San Diego: BEST. 2004 
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• Support a signiricant number of selective research assistant professorships in the 
natural sciences and engineering at luiivcrsities.*" ITiesc would be highly 
competitive positions open to postdoctoral scholars who arc L'S citizens or 
permanent residents. Iliey would provide young and creative scholars w itli 
opportunities to pursue research of their own choosing even if they cannot secure 
positions at research institutions, fliis would e.xpand the pool of good jobs in 
S&E in a way that would be e.vpccted to affect young people who arc trying to 
decide whether to go to graduate school. 

• Develop prizes for research goals of particular national interest, such as curing 
■AIDS or going into space cheaply. Such prizes can provide Oe.vibility for the 
researchers striving to achieve them and inspire and educate the public in current 
research interests.” 


William Zumeta and Joyce S Raveling, “Attracting the Best and the Brightest,” Issues in Science and 
Technology. Winter 2002, pp. 36-40. 

“ National Academy of Engineering, “Concerning Federally Sponsored Inducement Pnzes in Engineering 
and Science." 1999 
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Attracting the Must Able l^S Students 
to Science and Kngineering 
Appendix TS 1 
Figures and Tables 

Figure TS-1: There Has been a Ciradual Increase in the Number of S&F2 Baclielur's 
and Master's Degrees Awarded, M’hile Graduate Knroilment and PhD Production 
Are .lust Starting to Increase after Several \’ears of Declines. 

Figure TS-la: Number of S&F, Ma.ster's Degrees .Awarded F’lat or Increasing. 

Figure TS-lb: F'irst-A'ear (Graduate Fairollments Incieasing in .All .S&F^ Fields 

Figure TS-lc: I'S Citizens and Permanent Residents ICarn on .Axerage about 60- 
70% ofS&F; Doctoral Degrees; .About 80% in Life .Sciences and Social Sciences. 
60% in Physical Sciences, and 50% in F-ngineering and Mathematics and Computer 
Sciences. 

F'igure TS-2: Most IIS Doctorate Degrees .Are .Axvarded in S&F! Fields. 

Figure TS-5: Top Students .Are increasingly Choosing S&E Graduate Study 

Figure TS-3: .Most Hiumedical .lob Growth in Industrial Sector; itiumedical 
.Academic .lobs .Are Incieasingly Non-Tenure-Track. 

Figure rS-4a; F!qual .Numbers of S&F Doctorates ICniployed in .Academe and 
Indu.stry ; 15% Consistently FImpluyed in Guyeniment or Other Sectors. 

Figure TS-4b; S&E PhD F!niploynient Sector is Dependent Tpon Field; Most Social 
Scientists Flmployed in .Academe, Most F!ngineering F!mployed in Industry . 

Table TS-I: Oppuitunity Costs are High for Pursuing S&F! Graduate Induration 
and Training. 

Figure TS-5: Top Students .Are Increasingly ( hoosing S&F! Graduate Study. 
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Figure TS-1: There Has been a Gradual Increase in the Number of S&E Bachelor’s 
and Master’s Degrees Awarded, M hile firaduate F.nrollnient and PhD Pi'oduction 
•Are Just Starting to Increase after Several Years of Declines. 



Note: 95“ b of US Bachelor’s Degrees are awarded to US citizens or permanent residents. 


TS-11 



392 


Figure TS-la: Number of S&F^ Master’s Degrees Awarded Flat or Increasing. 



F'igure T8-lb: First-Year Graduate Fmrollments Increasing in .VII S&F> F'ields. 
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Figure TS-lc; I’S ( itizens and Permanent Residents on Average about 60-70% of S&K Doctonil 
Degrees; About 80% in Life Science's and Socisil Sciences. 60% In Fhysiciii Sciences, and 50% in 
Kngineering and Mathematics and Computer Sciences. 



Source Natiortal Science Foundation Si/rvv>-o/£amedGrotija/^£. Arlington. VA: National Science FoundaUon 2005 
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I’lgurt* TS-2: Most I'S Doctorate Degrees Are Awarded In S&K Fields. 



Source: Source: Naltonal Science Foundation Survey cf Earned GraduaUs .Arlington. VA National Science Foundation 2005 and 
National Center fix Education Statistics Integrated Postsecondar>' Education Data System Compktton Survey, Washington. DC: 
Uruled States Department of Education 
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Figure TS-3: Most Biomedical Job (>rowth in Industrial Sector; Biomedical Academic Jobs 
Are Increasingly Non -Tenure-Track. 



Source: National Research Council Afivanang the Nation 's Health Needs. Washington, EXT: National Academics 
Press. 2005. Appendix E, 
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Fi^re TS-4a: Kqual Numbers of S&F Doctorates Kniployed in Academe and Industry 
15% Consistently Employed in Cioemment or Other Sectors. 




Source. National Science Foundation. Sune}' of Doctoral Recipients 2003. Arlingtoa VA. National Science 
Foundation 2005. 
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Figure TS'4b: S&K PhD Kinployiiient Sector is Dependent I poii Field; Most Social 
Scientists Kmployed in Academe, Most Fmgineering Fniployed in Industiy . 



Source. Source; National Science Foundation Survey of Doctoral Recipients 2003. Arlington, VA National 
Science Foundation 2005. 
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Table TS-l: Opportunity Costs are High for Pursuing S&K (traduate Kduaition and 
Tniining. 

A. Median Phi) Salaries of Engineering and Science Graduates, by Occupation and Field of 
Doctorate in 1997 

Occupation 



.Ml Sectors 

Inlversity 

Kconomics 

S75.000 

55,000 ’ 

C'omputcr Science 

75.000 

56,000 

PIngineering 

73.000 

65,000 

Physical Science 

65,000 

52,000 

Biological Sciences 

56,000 

40,000 

S&K PhDs in Management, Median .Net income. MDs 

92,000 

Field 

85,000 


.Ml Sectors 

Inlversity 

P^onomics 

$69,000 

62,000 ' 

Computer Science 

72.000 

57,000 

Plngineering 

75.<HH) 

68,0(X) 

Physical Science 

70,000 

54,300 

Biological Science.s 

60.000 

53.000 


Source; Richard B Frccmaa Enc Wcinsicm, Elizabeth Nlarincola. Janet Rosenbaum, and Frank Solomon. Careers 
and Rewards in Bio Sciences: Pie disconnect betw een scientific progress and career progression. 2001. Available 
at: hltp://www.ascb.org/publicalicais.'compctition html. 

Notes Compared with other professionals, such as business-school graduates or la>^yers. who arc generally paid 
more than PhDs, the salary disadvantage of getting a PhD is marked In the 1990s, median law^yer salaries were on 
the order of $85,000 and median MBA salaries on the order of $102,000 

U. Lifetime income disiid% antage differs by field and is particularly large in fields requiring postdoctoral 
training as a prerequisite for obtaining a permanent position. Case studs': Biosciences, (from Freeman et al, 
2001) 

Life-time earnings for most doctorates arc lower than in other high-level careers, particularly for bioscicntists. who 
are paid less than other highly educated workers at any gwen level of job e.xpenence and who take lor^er to obtain 
full-time jobs. The tM’o factors cumulate to a hi^e lifetime economic disadvantage -on the order of $400,000 in 
earnings compared with high-paying HiD fields, such as ei^ineering, which also require many years of preparation 
but in which graduates do not in general delay entry' into the job market to take postdoctoral postions. This is 
equivalent to a salary' disadvantage of -'$25,000 per year for every year of working life. Medicine, w'hich has a 
similar career as the biosciences because of residency in hospitals after completion of training, has about twice the 
lifetime income The economic disadvantage is greater when we compare bioscience with professions that require 
less preparatory training Ccmsider, for e.xample. a person who has just graduated from a 2-year NiBA program, in 
2000 earning $77,000 in base salary* and $12,560 in signing bonus (without stock options) A bioscience PhD who 
completed postdoctoratal training might earn $50,000 as a starting assistant professor But the N'fBA graduate would 
have spent 2 years in school compared with the 10-12 years that students ^nd as graduate student and 
postdoctoratal fellows. The salary* differential cumulates to a lifetime difference in earnings, e.xclusive of stock 
options, consen-'ativcly estimated at $1.0 million discounted al 3* •—comparable with $62,000 per year of working 
life. Add in the options and bonuses that managers get. and this differential could easily double. 
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Figure TS-5: Top 

Number 


Students Are Increasingly* Choosing S&E Graduate Study, 

ofUS Citizen GRE Examinees Scoring Over 750 on the Quantitative Scale 
by Intended S&E Field 



Enfoecnn^ Nlsdieiiunci Cooputo Biologicil Phviicd 
Scttoce Soencet Soeocn 

Sour* Edaeaaoa Tttoaf S«me« 


Source: W. Zumeta and J. Raveling. The Best and Brightest: Is there a problem here^ 2002. Available 
http://w\vw.cpst.org^BIssue8.pdf 

Note*; The number of US citizen GRE examinees indicating intent to pursue graduate study in S&E fell from 
42,170 in 1992 to 3S.373 in 1998.before recovering slightly to just over 36,000 in 2000. This represents a 14.S^ 
decline from 1992 to 2000. However, new data indicate the trend is in the positive direction: more of the best 
students are choosing S&E fields for graduate study. 
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*l1iis paper summarizes findings and recommendations from a ' 
variety of recently published reports and papers as input to 
the deliberations of the Committee on Prospering in the 
Global Economy of the 21st Centur\'. Statements in this 
paper should not be seen as the conclasions of the National 
Academies or the committee. 


Undergraduate, Graduate, and Postgraduate Education 
in Science, Engineering, and Mathematics 


Summars 

As educators of the nation’s future scientists, engineers, mathematicians, and K- 
12 teachers. US 2*ycar and 4-year colleges and universities are the central institutions in 
building the human resources needed for scientific and technological leadership. 

However, these institutions face a number of challenges in producing 
knowledgeable graduates and trained professionals. Today, the United States ranks 17th 
globally in the proportion of its college-age population that earns science and engineering 
(S&K) degrees, down from third several decades ago.* Many other nations now have a 
higher fraction of 24-year-oIds with S&E degrees (see Figure HE- 1 ). .Vnd even though 
the proportion of its population who attends graduate school is small, because of its large 
population China graduates tliree times as many engineers from its colleges as does the 
United States. 

In the past, the United States has relied on international students ;md scientific and 
engineering professionals to maintain its base of human resources in these fields. Hut 
global competition for S&E talent is intensifs ing. and enrolling higher percentages of l^S 
students in tliese programs would have many benefits. 

To meet this goal, many believe that the I'nited States will need to attract S&E 
students from all demographic groups. Today, blacks. Hispanics. and other 
underrepresented minority groups are about a quarter of the US population but make up 
only 17.9‘^b of the undergraduate population, 2.5®o of the tliese majors, and 6 ®o of the 
S&E workforce (see Table H1>1 and Figure HE-2). Only a quarter of this workforce 
consists of women, though women are almost half the total US workforce. By 2020, 
more than 40^o of the US college-age population w ill be members of currenth 
underrepresented minorities. 

'fhe federal government has a key role in establishing workforce policies that 
address national needs and opportunities. Given how many years of education and 
training are required for someone to become a scientist, engineer, or mathematician, 
policies may need to focus on long-term opportunities that may help to smooth short-tenn 


* Council <xi Compclilivencss, Inncn’ate America, Washington, DC Council on Compclilivcncss, 2004. 
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labor-market dynamics. .Among the federal actions that organizations have recommended 
are the following: 

Undergraduate Education 

• Provide incentives for all institutions of higher education to provide di\crsc 
internship opportunities for all undergraduates to study science, mathematics, 
engineering, and technology as early in their academic careers as possible. 

• Kxpand funding for programs at 2-ycar and 4-ycar colleges that succeed in 
attracting and retaining w omen and members of minority groups underrepresented 
in science, mathematics, and engineering. 

Graduate Education 

• Establish education and traineeship grants to institutions focused on frontier 
research areas and multidisciplinary or innovation-oriented studies. 

• Require institutions applying for federal grants to report on the size, scope, and 
performance (student completion rates and career outcomes) of their graduate 
programs to detennine whether tliese programs are meeting the interests of 
students in preparing them for diverse careers in academe, industry, goveniment. 
and the nonprofit sector. 

Postdoctoral Training 

• Develop federal policies and standards for postdoctoral fellows supported on 
federal research grants, including letters of appointment, performance evaluations, 
benefits and leave, and stipend support. 

• Help develop creative solutions to the problems faced by dual-career couples so 
that more I IS students opt to pursue research careers. 

• Create standards for and require the submission of demographic infomtation on 
postdoctoral scholars supported on federal research grants by investigators 
awarded such grants. Collect data on postdoctoral working conditions, prospects, 
and careers. 

Ihe following discusses these issues in greater depth, 
flndcrgradiiiite Kduentiun 

'Ihe undergraduate years have a profound innuence both on future profc.ssionals 
in science and mathematics and on broader public support of those fields. Undergraduate 
education acts as a springboard for students who choose to major in and then pursue 
graduate work in science and mathematics. Undergraduate institutions and community 
colleges train the technical support personnel who w ill keep our technological society 
functioning smoothly in the years ahead. .And colleges and universities prepare the 
elementary and secondary teachers who impart lifelong know ledge and attitudes about 
science and mathematics to their students. For many, the undergraduate years are the la.st 
opportunity for rigorous academic studs' of these subjects. 

Precollege education needs to include quality instniction in standards-based 
cla.ssrooms and a clear awareness that achies ement in science and mathematics w ill be 
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expected for admission to college. In addition, faculty in these disciplines should assume 
greater responsibility for the pre-ser%'ice and in-serN ice education of K- 1 2 teachers. 

Many introductory undergraduate courses in science and mathematics fields have 
been taught to select out the best, most committed students and discard the rest. This 
strategy is being questioned: .^re introductory courses the appropriate place and time for 
such filtering? .Are the students being turned away any less good than those who stay? 
Evidence indicates that undergraduates who opt out of S&E programs are among the 
most highly qualified college entrants.^ Can the United States afford to turn away talented 
students interested in these fields? 

Some argue more broadly that all college students should gain an awareness, 
understanding, and appreciation of the natural and human-constnicted w orlds and have at 
least one laboratory experience. Therefore, introductory science and mathematics courses 
must find ways to provide students both with a broad education in these fields and with 
the specific skills they need to continue studying these subjects, as is the case with most 
other introductoiy courses in colleges. Students who decide to pursue nomS&E majors 
would then have the background and education to make ini'omied decisions about S&E in 
their personal lives and professional careers. 

To serve these multiple objectives, many introductory and lower-level courses 
and programs would need to be designed to encourage students to continue, rather than 
end, their study of S&E subjects. Institutions should continually and systematically 
evaluate the efficacy of courses in these subjects for promoting student learning. 

Many of these issues are also highly rele\ ant to students w ho enter 2-year 
colleges after graduating from high school. For example, about a quarter of the students 
who earn bachelor's degrees in engineering have taken a substantial number of their 
low er-level courses at a communits college, and nearly half have taken at least one 
community college course. .As more students make community colleges their point of 
entry to postsecondary education, the quality of the S&E education they receive in 2-year 
institutions becomes increasingly important. Community college students need access to 
the kinds of lower-division courses that can prepare them for upper-division coursework 
in science, mathematics, and engineering, either at their own institutions or through 
partnerships between institutions, distance learning, or other means. Two-y ear colleges 
need to provide students w ith access to the kinds of equipment, laboratories, and other 
infrastructure they need to succeed. 

The federal government can help promote these institutional changes through the 
follow ing actions: 

• Provide incentives for all institutions of higher education to provide diverse 
inteniship opportunities for all undergraduates to study science, mathematics, 
engineering, and technology as early in their academic careers as possible.^ 


* Tobias S. 1990. They're Not Dumb. They’re Different. Stalking the Second Tier. Tucson, AZ. Research 
Corporation, Seymour E, and Hewitt N. 1997 Talking About Leaving: tt'hy Undergraduates Leave the 
Sciences. Eiouldcr, CO: Weslvicw Press; Ohland MW, Zhang, G, Thomdykc B, ar»d Andcrscm TJ. 2004. 
■'Grade-Point Average. Changes of Major, and Majors Selected by Students Leaving Engineering.” 
ASEE/IEEE Frontiers in Education Coherence. Session TIG: 12-1 7. 

’ National Research Council, Transforming Undergraduate Education in Science. Mathematics. 
Engineering, and Technology. Washington, DC: National Academy Press, 1 999. 
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Introducton courses should be integral parts of the standard curriculum, and all 
colleges should routinely evaluate the success of these courses. 

• Encourage science, mathematics, and engineering departments to work with 
education departments and surrounding school districts to improve the preparation 
of K-12 students. 

• Expand funding for science, mathematics, and engineering programs at 2*year and 
4-year colleges that succeed in attracting and retaining women and members of 
minority groups underrepresented in these programs.^ 


Master's and Professional Education 

The baccalaureate has been the entrx -level degree for many professional positions 
over the last centurN', but many employers in our increasingly complex economy now 
recognize the value of employees who have advanced training (see Figure HE-3). 
Master's degree programs provide students with S&E knowledge that is more in-depth 
than that provided in baccalaureate programs and supplements this knowledge with skills 
that have application in business, government, and nonprofit settings. Master's degree 
programs also can provide the interdisciplinar\' training necessar>’ for real-world jobs and 
can be structured to provide job-relevant skills in teamwork, project management, 
business administration, communication, statistics, and infomiatics. Moreover, master's 
programs have the potential to attract greater numbers of women and minority-group 
member than do doctoral programs. 

A number of reports since the mid-1990s have argued that master's degree 
programs for students in the S&E with appropriate career aspirations can develop a cadre 
of professionals who meet employer needs. These reports have called for changes in 
master’s education to make these programs more appropriate, cost effective, and 
attractive to students. In engineering, for example, the emphasis on increased skill in 
communications, business, the social sciences, cross-cultural studies, and important 
technologies has meant that the first professional degree should not be at the 
baccalaureate but at the master's level, as is the case in business, law, and medicine. 

Options for the federal government include the following: 

• Direct the National Science Foundation to fund professional science ma.ster's 
programs at institutions that demonstrate innovative approaches to orienting 
master's-level degree programs toward scientific or technical skills needed in Uie 
US workforce. 

Graduate Education 

Ciraduate education in the United States is widely seen as the best in the world. 
.America's universities produce most of the scientists, engineers, and mathematicians who 
will maintain our preeminence in science and teclmologx' (see Figure HE-4). Tliey 

“* National Science Foundation. National Science Board. The Science and Engineering Worfrforce: 
Realizing America 's Potential, Arlington, VA: National Science Foundation, 2003. 
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educate the college faculty and K- 12 teachers who will critically influence public support 
for scientific and technological endeavors .And the intensive research CNpcricnccs that 
are at the heart of graduate education at the doctoral level produce much of the new 
knowledge that drives scientific and technological progress. 

Students from mans nations travel to the United States to enroll in science, 
engineering, and mathematics graduate programs and to serve as postdoctoral fellows. 

For example, international students aecoiuit for nearly half of all graduate enrollments in 
engineering and computer science. The presence of large numbers of international 
students in US graduate schools has both prrsitive and negative consequences.* TItese 
students enliance the intellectual and cultural enviroiuncnts of the programs in which they 
arc enrolled. Many remain in the United States after their training is finished and 
contribute substantially to our scientific and technological enterprise. However, the large 
numbers of foreign students in US graduate schools may have the elTect of discouraging 
US students from pursuing this educational pathway because the rapidly inereitsing 
number of students has diminished the relative rewards of becoming a scientist or 
engineer.* US colleges and universities have an important role to play in encouraging 
more US students to pursue graduate education in science, engineering, and mathematics. 

The federal government helps support graduate education through research 
assistantships funded through federal research project grants, fellowship and traineeship 
programs, and student loans (see Figure HE-5). llie availability, level, and timing of this 
funding have implic.ations for detennining who can pursue a graduate education iuid how 
long it w ill take to complete that education. .Also, the type of support — whether a 
research assistantship, teaching assistantship, traineeship, or fellowship — affects the 
content of graduate education ruid the kinds of skills one learns during graduate school. 

In the 1990s, several events led to a national discussion of the content and process 
of doctoral education that continues today. In the late 1980s, labor-market forces pointed 
tow ard an impending shortage of PhDs in the arts and sciences in the early to mid-1990s. 
When the end of the Cold War, a national recession, state budget cuts, and the end of 
mandatorx' retirement for college faculty led instead to disappointing job prospects for 
new PhD's in the early 1990s, a national debate on the doctorate and the job prospects of 
PhD recipients ensued. 

.Also, in the 1990s, for the first time, more than half of PhDs in science and 
engineering reported that they held positions outside academe (see Figure HF,-6). This 
trend has generated interest in providing graduate students with more infonnation about 
their career options, including w hether they should pursue a master's or doctoral degree 
and whether they should seek opportunities in government, industrv’, or nonprofit 
organizations as well as academe. In turn, this trend has focused attention on the need for 
training that provides the practical career skills needed in the w orkplace: pedagogic 
skills, technological proficiency, the ability to communicate well in writing or oral 
presentations, experience working in teams, and facility in grant writing and project 
management. 


* Comm lUee on Science, Engineering, and Public PoIic>’, Reshaping the Graduate Education of Scientists 
and Engmeers, Washington, DC: National Academy FTess, 1995. 

* Ralph E. Gomory and Harold T. Shapiro, “Globalization: Causes and Effects,” Issues in Science and 
Technology, Summer 2003, pp. 18-20. 
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One great problem in discussions of workforce issues is the paucitt' of reliable, 
representative, and timely data. Often policymakers are making decisions about the 
future based on data that are 2-.^ years old. 

Options for the federal government include these: 

• I^stablish education and traineeship grants to institutions focused on frontier 
research areas and multidisciplinaiy or innovation-oriented studies.’ 

• Eliminate the employer-employee stipulation in OfTicc of Management Budget 
Circular .•\-21 to encourage the dual benefits to research and education of having 
graduate students serve as research assistants.® 

• Require institutions applying for federal grants to report on the size, scope, and 
performance (student completion rates and career outcomes) of their graduate 
programs to determine whether these programs are meeting the interests of 
students in preparing them for diverse careers in academe, industry, goveniment. 
and the nonprofit sector.’ 

• Provide graduate student stipends competitive with opportunities in other 
venues.'" 

• Direct the National Science Foundation to expand its data collection on S&E 
careers and its research into national and international workforce dynamics." 


Postd (K'toral f ra iiiiii g 

For more than 2 decades, an increasing percentage of new PhD recipients have 
been pursuing postdoctoral study instead of employment after graduation. Iliese 
experiences broaden iuid deepen the research and other skills that scientists and other 
highly trained professionals need to make major contributious to society (see Figure HE- 
7). .Most postdoctoral scholars are funded by federal research grants (see Figure HF.-8) 
and on average have .stipends of under S-tS.OOO per year. 

However, mentors, institutious. and funding organization ha\ e sometimes been 
slow to give postdoctoral fellows the status, recognition, and compensation that are 
commensurate w ith their skills and contributions to research (see Figure HE-9). Many 
postdoctoral scholars make substantial economic and familial sacrifices to pursue 
advanced training, yet they often do not have clearly defined rights, responsibilities, pay 
scales, access to benefits, or procedures for consideration of grievances. 

To ensure a healthy research enterprise, the postdoctoral experience needs to be 
improved. Ilie federal government should: 

• Develop federal policies and standards for postdoctoral fellows supported on 
federal research grants, including letters of appointment, performance evaluations. 


’ibid. 

* Association of American Universities, Committee on Graduate Education, Graduate Education, 

Washington, DC: Association of American Universities, 1998 

’Ibid. 

National Science Board. 2003. 

“ Committee on Science, Engmeering. and Public Policy, 1995. 
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benefits and leave, and stipend support. .Ul postdoctoral scholars should have 
access to health insurance and to iastitutional ser\'ices.'" 

• Help develop creative solutions to tlie problems faced by dual-career couples so 
that more US students opt to pursue research careers. 

• Improve the quality and quantity of the data on postdoctoral working conditions, 
prospects, and careers. Cre.ate standards for and require the submission of 
demographic infonnation on postdoctoral scholars supported on federal research 
grants by investigators awarded such grants. 


Committee on Science, Engineering, and Public Policy, Enhancing the Posttjocloral Experience for 
Scientists and Engineers^ Washington. DC: National Academy Press, 2000. 

Ibid 
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I'ndcrgradualf, CJraduate, and Pnsigraduatc Kducatinn 
ill Science, Kngineeiing, and Matheinalics 
Appendix IIK I 
Figures and Tables 


Figure IIFM: The Number of Bachelur's Degrees Axvarded in S&E Fields Shows 
Marked F'luctuatiuns I'liat Are AfTected by Market C'unditiuns and Research 
Funding. 

Table IIFM: Increasing Nunihers of Students an- Majoring in S&IC Fields; 
Substantial (iaiiis among \\'unien and Minority (iroups. 

Figure IIFl-2: .Minority-firoup Representation among S&F^ Majors Is Increasing. 

Figure IIFl-3: Master's Degree .attainment Increasing fur M'onien and Minorily- 
Ciroup Menibei's. 

Figure IIF'-4: Oxerall S&F) DiK'toral-Degree Production Increa.srd in the F'arly 
199l)s. Flattened, and in 2001 Started to Increase again; Minority -(iroup 
Participation Increased Through the 1980s and 1990s and FAperienced a Dow nturn 
Starting in 1999. 

F'igure IlFl-5: Financing of Duetunil F'ducatiun Comes from Several Sources, but 
Predominantly from F'ederal Research (ir.ints; Sources of F unding \’ary by 
C iti/ensliip Status. 

Figure IIF^6: .Most S&F^ Graduate Students Obtain .lobs Outside .Vcademe: 
.Approximately F^qual Numbei's of S&F^ Doctorates F'mployed in .Academe and 
Industry ; 15% Consistently ICniployed in C^uxemment or Other Sectors. 

F'igure IIFl-?: Most PustdiK-tunil Scholars F'eel Positions .Are Preparing rheiii for 
Independent Positions. 

Figure IIF^8: .Most Funding for Postdoctoral Scholars Conies from F'ederal 
Research Grants. 

F'igure IIF,-9: 21)01 Postdoctoral Stipends for S&F. Trainees .Averaged I'nder 
S32,0tM) Per A'ear. 
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Figure HE^l: The Number of Bachelor’s Degrees Awarded in S&E Fields Shows 
Marked Fluctuations That Are Affected by Market Conditions and Research 
Funding. 


Figure 2-11 

S&E bachelor's degrees, by field: Selected years, 
1977-2000 

Number of degrees 



NOTE: Geosciences irKlude ecrtb. atmospheric, and ocean tciences. 

SOURCES: U.S. Department of Education. Completions Survey; 
and National Science Foundation. Division of Science Resources 
Stotistics. WebCASR^R database system, http://caspar.nsf.gov. 

See appendbc table 2*22. 

Science & Engineering Indiceton - 2004 


Source: National Science Board. Science and Engineering Indicators 2004 (NSB 04-01 ). Ariington. 
Virginia National Science Foundation. 2004. Appendix table 2-23. 

Notes: Degree production for many STEM fields increased and computer science decreased in 2001. See 
graphs in theAttmcting the Most Able US Students to Science and Engineering paper. 
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Table HE-1: Increasing Numbers of Students are Majoring in S&E Fields: 
Substantial Gains among Women and Minority Groups. 
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Source: Ntf ional Science Board. Science and Engtneenng Indicators 2004 (NSB 04-01). Arlington. 
Virginia. National Science Foundation. 2004. T^Ie 2-8. 
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Figure HE-2: Minority-Group Representation among S&E Majors Is Increasing. 


Figure 2-13 

Minority share of S&E bachalor's degreos, by 
raca/ethnicity: Selected years, 1077-2000 


Parowit 



900RC€B: U.8. 0«parVi>«nt of Educotton. Complttlono eixvoy: 

•nd N oMonol Bctonco Foundation. DfvWon of 6d<n c o rt xour c — 
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$c4*noo 8 Cr\g i n mn rg tn^omton - 2004 

Source: National Science Board. Science and Engineering Indicators 2004 (NSB 04*01). Arlington, 
Virginia National Science Foundation. 2004. Figure 2*13. 


HE-11 





412 


Figure HE-3: Master’s Degree Attainment Increasing for Women and Minority- 
Group Members. 
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Source; Ndtons] Science Board. Science and Engineering Indicators 2004 (NSB 04*01). Arlington. 
Virginia. National Science Foundation. 2004. Figure 2*17. 
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Figure HE>*4: Overall S&E Doctoral-Degree Production Increased in the Early 
1990s, Flattened, and in 2001 Started to Increase again; Minority-Group 
Participation Increased Through the 1980s and 1990s and Experienced a Downturn 
Starting in 1999. 


Figure 2*19 

$&E doctoral de^ees earned in U3. universities, 
by field: 1977-2001 

Ni«nbwolO*9M* 
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Figure 2*21 

Underrepresented mewri^ S&E doctoral degrees, 
by race/etbnicity: Selected years. 1977-2001 
rsn^dSie"- 
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Source: National Science Board Science and Engineenng Indicators 2004 (NSB 04*01). Arlington, 
Virginia. National Science Foundation. 2004. Figures 2*19 and 2-21. 
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Figure IIK-5: Financing of Doctoral Fducation C ’onies from Several Sources, but 
Predominantly from Federal Research (i rants; Sources of Funding \ ar> by 
( iti/enship Status. 
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Source: National Science Foundation 2004. Sunvy of Earned Doctorates 2003. Arlington, VA. National 
Science Foundation 

Other: support from the student or scholar's institution of higher education, state and local government, 
foreign sources, nonprofit institutions, or private industry, traineeships: educational awards given to 
students selected by the institution or by a federal agenc>*. researdi assistantships. support for students 
whose assi^ed duties are primarily in research, teachii^ assistantships: support for students whose 
assigned duties are primarily in teaching 
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Figure IIR-6: Most S&F Graduate Students Obtain Jobs Outside Academe: 
Approximately Kqual Numbers of S&F^ Doctorates Kmployed in Academe and 
Industry; 15% Consistently Kniployetl in Cioxemment or Other Sectors. 



Percent of S&E Doctorates Employed per Sector 
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Data from: National Science Foundation 2005 Survey of Doctoral Recipients 2003 Arlington, VA: 
National Science Foundation 
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Figure nF>7; Most Postdoctoral Scholars Feel Positi<His Are Preparing Them for 
Independent Positions. 


To wlut extent do you agix'e wtli the folhming statement? 
"My postdoct<iral position Is pivpaniig me to he an 
independent researcher." 
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Source Davis. G. Doctors without orders: Highlights of ^e sigma xi postdoc survey American Scientist 
93(3. supplementXMay-June 2005) Available at. http //postdoc sigmaxi org/rcsulls.' 

22.1 78 postdoctoral scholars at 46 institutions were contacted, including 1 8 of the 20 largest academic 
employers of postdoctoral scholars and NIH. Postdoctoral status was confirmed by the institution 8492 
(3^/o) responded, 6.775 (31%) of the respondents completed the entire survey, which included over 100 
questions 
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Figure HK~8: Must Funding for Postdoctoral Scholars Comes from Federal 
Research (Grants. 
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Source; National Science Foundation 2004 Survey of Earned Doctorates 2002. Arlington. VA: National 
Science Foundation. 

Non-Federal Sources, support from the institution of higher education, stale and local government, foreign 
sources, ncmprofit institutions, or private mdustr>'. research grants: support from federal agencies to a 
principal im estigator. under whom postdoctoral scholars work; traineeshtps: educational awards given to 
scholars selected by the institution or by a federal agency; fellowships: competitive awards given directly to 
scholars for financial support of their graduate or postdoctoral studies. 
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Figure HK-9: 2001 Postdoctoral Stipends for S&E Trainees Averaged I'nder 
S32,000Per Year. 

Median 2001 Postdoctoral-Scholar Stipends 



Life Sciences Physical Science and 
Sciences and Hngmeenng 
MathenBtics 


□ Gtizens and 
Permanent Residents 

■ Temporal^’ Residents 


Source: National Science Foundatioi. 2004. Survey of Earned Doctorates 2002. Arlington, VA: National 
Science Foundation 
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This paper summarizes findings and reeommendations from a 
variety of recently published reports and papers as input to 
tlie deliberations of the Committee on Prospering in the 
Global Economy of the 21st Centurv'. Statements in this 
paper should not be seen as the conclusions of the National 
Academies or the committee. 


Implications of Changes in the Financing 
of Public Higher Education 


Summani 

Public colleges and imiversities play a critical role in our nation's integrated 
system of education, research, and innovation. They educate the majority of 
undergraduates and con.stitute many of the nation's top research universities. They are 
training grounds for the people and ideas that drive innovation and improse our lives. 

Yet even as public colleges and universities are becoming more important than 
ever in our knowledge-intensive society, many have come under intense financial 
pressure. Demographic changes in enrollments arc driving up student enrollment in some 
places :uid reducing them in others, forcing institutions to adapt to new circumstances, 
llie increasing costs of higher education have led to difiicult tradeofl's affecting the 
qualitv' of tlie education and services students receive. E.vtremely tiglit budgets in some 
states have reduced the relative appropriations to education in tho.se states even as more 
students are looking to college as a means of personal advancement. 

I'hough federal funding for student aid is up, more of this funding is going toward 
loans and ta.\ benefits as opposed to student grants. .Also, increases in funding have not 
been sulfieient to match the needs of students, llie result has been a narrow ing of 
educational choices for some students and concerns over deteriorating quality of public 
institutions. 

Some organizations have proposed that the federal government take ses eral 
important steps to improve the funding of public higher education and to increase student 
access to these institutions: 

• Expand federal matching programs that encourage increased state appropri.ations 
for higher education. 

• Reform the Medicaid program to slow the grovuh of state commitments tliat 
crowd out spending on higher education. 

• Eocus national resources on improving the purchasing pow er of Pell aw ards. 

• Offer matching funds to states based on their fimding of means-tested grant aid. 
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The Role of Higher Kdueatiun in the Knuwiedge Kconom\ 

Higher education has been eentral to the strength of the US economy over the last 
half-eenlury. Uroadened access for students has created social ;uid economic 
opportunities for millions of Americiuis. Hie integration of education and research has 
become a key pillar of our research and innovation system. .And tlie new knowledge 
generated has pros ided a strong engine for innovation and economic growth. 

Public institutions are a particularly important component of .America's higher- 
education system. 'I1iey enroll :ind educate one quarter of all 4-year undergraduates (see 
Figure PIIE-I). When community colleges are included, public schools account for more 
than 70 ®o of all undergraduate enrollment (see Figure PHE-2). Many of tlie nation's top 
research institutions, particularly in tlie .Midwest and West, are public universities. 

A strong system of higlier education is more critical now than ever. Olobal 
competition in the knowledge economy is growing. Developed and developing countries 
are working to create higli-quality educational institutions, often using .American colleges 
and universities as a model. They are developing their own pool of know ledge workers 
and know ledge-sector firms. 

For the United States to compete in this environment. .American higlier education 
needs to remain preeminent. It must continue to play a central role in the production of 
knowledge and innovation. It needs to create dynamic en\ ironments that w ill entice 
knowledge-ba.sed companies to locate in this countrv'. The United States should facilitate 
w orld leadership of its higher-edueation system by continuing to invest where it counts 
most. 


Stres.ses In the Finiinclal .Structure of Public Higher Fduciiliun 

Public higlier education is under severe financial pressures. 'Hie first source of 
pressure is increasing enrollments. Hie children of the baby boom are now reaching 
college age and w ill increase enrollments at some institutions over the coming decade 
(see Figure PHE-3), .At the same time, the value of higher education as a means for 
students and society to achieve economic, social, and political goals also is boosting 
enrollments. Because public institutions typically do not charge students for the full cost 
of their edueation. the financial demands on these institutions are expected to grow 
significantly.' 

.A second stress on the system is the grow ing cost of higlier education. Costs per 
student in higher education have grown consistently since the 1960s and steeply since tlie 
1970s.^ Both intenial and e.xlemal factors appear to be driving up costs. Universities 
need to compete for high-quality faculty, staff, and students. Computing serv ices, 
information resources, and other services for students and faculty have added financial 
biudens (see Figure PHF,-4). To cut costs in other areas, institutions have increased 


' Robert C. Dickeson. Collision Course: Rismg College Costs Threaten America 's Future and Require 
Shared Solutions, Indianapolis. IN. Lumina Foundation for Educatioix Inc.. 2004. 

* Joseph L. Dionne and Thomas Kean. Breaking the Social Contract: The Fiscal Crisis in Higher 
Education (report of the Commission on National Investment in Higher Education), New York Council for 
Aid to Education, 1997. 
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sludentrlaculty ratios, shitted toward lower-cost part-time and non-tenure-track faculty, 
encouraged early retirement, capped or postponed faculty salarv' increases, and 
outsourced noncritical missions’ (see Figure PHE-5). 

.“X third and perhaps the most important stress on public higher education has been 
a changing paradigm for public support at both the .state and federal levels (see Figure 
PHE-6). Public colleges and universities — and even pri\ate ones that receive state 
support — have e.vperienced strong competition for state resources over the last decade. 
Other state financial commitments — such as Medicaid payments — have continued to 
increase both in real dollars and as a percentage of state budget outlays, which has 
crowded out other spending priorities'* (see Figure PllE-7). 

.As a consequence of this Unancial pressure, education funding as a share of state 
spending, the percentage of education dollars directed to higher education, and the 
percentage of higher-education dollars going to institutions (as opposed to students) all 
have declined’ (see Figure PHE-8). In brief, state support as a percentage of total 
revenue for public colleges and universities is down, and these institutions are adapting 
by restructuring costs and looking elsewhere (for example, to tuition) for Unancial 
support (sec Figure PIIE-9). 

.At the federal level, spending for higher education appears on the surface to be 
strong. Spending on the Pell grant program, for example, increased 60 96 in real terms 
from 1999-2000 to 2003-2004^ (see Figure PHE-10). However, hiding beneath the 
overall increases in federal support are important shifts in its distribution, 'lire mix of 
federal support in 2003-2004 was 34 96 grants. 55 % loans, and 5 9o tax benefits, the 
latter two of which have been growing as a percentage of federal support (see Figure 
PHE-1 1). Tlius. tliere have been a shift away from grants to other modes of support (for 
example, subsidized loans, tax credits, and tax-sheltered education accounts) and a shift 
from need-based to merit-based aid (see Figure PHE-12). Together, these changes have 
tended to shift subsidies away from students from lower-income families and toward the 
middle and upper-middle classes. 

In addition, while there have been real increases in per student funding under the 
Pell grant program, they have not been adequate to offset larger increases in college 
prices, file size of the average grant has increased in real tenns in recent years, but 
average tuition, fees, and room and board at public 4-year colleges and universities 
increased faster. .As a result, the average Pell grant in 2003-2004 covered 23 96 of the 
charges at a public 4-year institution compared w ith 35 9® in 1980-1981^ (see Figure 
PHE-1 3). Meanwhile, the Leveraging Education .Assistance Partnerships (LE.AP) 
program, which provides matching funds to states for providing need-based grant aid. has 
declined 319® in real terms over the last decade.* 


’ Ronald G. Ehrenberg and Liang Zhang, “The Changing Nature of Facuhy Employment" (Working Paper 
44). Ithaca NY: Cornell Higher Education Research Institute. 2004. 

* Thomas J. Kane and Peter R Orszag. "Higher Education Spending: The Role of Medicaid and the 
Business Cycle” (Pohey Brief #124), Washingtoa DC. The Brookings Institutioa 2003, 

’ Michael Rizzo, "State Preferences for Higher Education Spending: A Panel Data Analysis, 1977-2001.” 
paper presented at Cornell Higher Education Research Institute's Annual Conference “.Assessing Public 
Higher Education at the Start of the 21“ Century,.” Ithaca NY, May 22-23, 2005. 

* College Board. Trench in Student Aid 2004, Washington, D.C. College Board. 2004, 

’Ibid 

“ Ibid 
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Iniplirutiuns for AITonlability and Quality 

These developments have important implieations both for access to higher 
education and for educational quality. As tuition increases, the array of educational 
choices for students may be constrained unless the availabilitv’ of financial aid can 
compeasate. Especially for low-income students, the real and perceived cost increases 
for college education can limit access and lifetime opportunity (see Figure PHE-14). 

Hie second implication is for the quality of teaehing and research. Reductions in 
funding for public education combined with constraints on tuition increases appear to be 
causing deterioration in the quality of public colleges ;uid universities compared with 
prisate institutions.’ Private universities benefit from larger endowments, have 
constrained enrollment growth to control costs, and have steadily increased tuition to 
olTset infiation and provide new resources for qualitative improvement. Public 
institutions are less able to use these measures for fiscal control and as a result are falling 
behind private colleges and universities, in endowments, faculty salaries. student:faculty 
ratios, student services, and facilities (see Figure PHE-15). .Also, to the e.xtent that 
changes in faculty composition — such as increases in part-time and non-lenure-track 
staff affect the qualits' of leaching and mentoring and the availabilits of tenure-track 
faculty as role models, tliey may affect undergraduate persistence, graduation rates, and 
the propensity to continue to graduate school, llie consequences include a more 
stratified, less dynamic society and a more limited workforce available for generating 
knowledge and innovation in the economy. 

Issues of attainment also have come to the fore. With a growing number of 
postsecondary students starling out at community colleges and intending to transfer, 2- 
and 4-year institutions need to work to improve transfer and articulation agreements and 
processes to facilitate smooth transfers.” Colleges and universities must make a 
commitment to the students tliey admit by supporting retention efforts so that students do 
not drop out of college w ith higli debts and no degree. 


Ensuring .\dequate Funding for Public Higher Education 

The federal government has a number of options that could help public 
institutions receive revenues that reflect the true costs of higlier education: 

• Design or e.xpand federal matching programs that encourage increased stale 
appropriations for higher education. For e.xample, to encourage states to expand 
means-tested grant aid. the federal government could olTer matching funds to 
states based on their funding of such programs. 

• Reform the Medicaid program to slow the growth of state commitments that 
crowd out spending on higher education." 


’ Jeny' Kissler, “Why It Is in the Interest to Address the Growaig Gap Between Public and Pnvate 
Universities.’’ Oakland, CA; University of California. 2005. 

National Research Council, Enhancing the Community College Pathway to Engineering Careers, 
Washington, DC: National Academics Press, forthcoming 
" Kane and Orszag, 2003 
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Create "Leani Grant Universities” through a federal “Learn Grant Act” as 
significant as the Morrill Act of 1862 and the GI Bill of 1944. 

Enact a "Higher F.ducation Millennium Partnership .Act” tliat would integrate 
technology into the curriculum, create more flexible educational opportunities for 
part-time and nonresidential students, and develop new partnerships with schools, 
businesses, and local communities.'^ 

Create a “Millennium F.ducation Trust Fund” using the sale of unused 
communications spectrum over the next few years (w ith proceeds possibly greater 
than $18 billion) to provide students w ith the skills necessary for an age of 
innovation. 


Iniprosing .Vcccss to Higher Fiduralion 

In addition, the federal goveniment can help the states improve access to higher 

education for all .Americans tlirough several actions: 

• Focus national resources on improving the purchasing power of Pell awards.'* 

• Increase llexibility for states to buy more subsidized loan eligibility from the 
federal government.''' 

• F'xpand and restructure the LE.AP program to allow private-sector matches from 
such organizations as Scholarship .America and community foundations. '* 

• Institute a voucher program that would give more money to students from low- 
income homes.'* 

• Mandate that both public and private institutions use the average “net price” of 
attendance instead of the stated “sticker price” in all federal grant and loan 
programs to detennine who qualifies for student-aid awartls and how much they 
should be aw arded. Using sticker prices as the olTieial institutional “cost of 
attendance” misrepresents the actual average cost of attendance in most federal 
and state student-aid programs.'* 

• Consider eliminating the Free .Application for Federal Student .Aid. Changing 
law s to pennit tlie use of Internal Revenue Service data to assess qualification for 
financial aid can simplify processes, save hundreds of millions of dollars, and 
remove bureaucratic barriers to postsecondary access.'* 


“ Janies J Duderstadt and Fams VV Womack. Beyond the Crossroads: The Future of the Public University 
in America, Baltimore The Johns Hopkins University Press. 2003 
” Dickeson. 2004 
'* Ibid 
" Ibid 

Richard Vedder. Grmving Broke By Degree: BTry College Costs TooSiuch, Washington. DC: AEI Press. 
2004 

'* Ale.xander, F. King. “Policy Implications of Changes in Higher Education Finance.” presentation to the 
National Academies' Board on Higher Education and Workforce. Washington. DC. April 21-22. 2005 
'• Dickesou 2004 
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Figure PIIK-1 : Public Institutions Account for Nearly a Quarter of All FnroHed 4- 
Vear I nclergniduate Students. 

Distribution of BA-granting institutions 
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Source Sarah Turner Policy Implications of Changing Funding for Public Higher Etiucation. Presentation 
to National Academ ies' Board on Higher Education and Workforce. April 2005 

Figure PIIK-2A: Public 4-^'ear and 2-^'ear Colleges Knixill 70% of All 
Indergraduates. 

Share of 
1st lime FT 

Distribution of students 

Undergraduate Enrollment in-state 

1967 1996 1996 


Communitjr’ Colleges 

2]% 

37«.b 

92. 7»/. 

Other Public 

m. 

33% 

81.5% 

Flagship Public 

13*/. 

9% 

72.0% 

AH Private 

2S% 

21% 

54.2% 

Research I Private 

3*/. 

2% 

23.6% 

Liieral Arts CoUeee 

4*. 

2% 

43 2% 


ScHirce SarahTumer, Policy Implications of Changing Funding for Public Higher Education. Presentation 
to NaticHial Academies' Board on Higher Education and Workforce. April 2005 


PHH-8 



427 


Figure PIIE-2B: In 2000* 15.5 Million I'lidergraduiites M ere Enrolled m i*S 
Institutions. 



Source; National Science Board. Science and Engineering Indicators 2004 (NSB 04-01). Arlington. 
Virginia National Science Foundation, 2004 
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Figure PHE-3: National Trends. Percent of 18 to 24 Year Olds Enrolled In College 
Shows a General Upward Trend. A Steep Slope in Total Enrollment Started in 1955 
and Then in 197U Resolved into a Shallower Upward Slope. 
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Figure PIIIv3B: Projected Increases in C'oUege-Age Population Over the Next 25 
d eal's May Translate into Additional Expenses as Institutions Work to Create 
Additional Capacity. 
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Source; Thomas J, Kane. The Role of Federal Government in Fmandng Higher Education. Presentation to 
National Academies' Board on Higher Education and Workforce. March 2 1 . 2005. Calculations based on 
Bureau of Census, Population Projections. 
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Figure PHE-4: Instructional Expenses Are But 37% of Public-Institution 
Expenditures. 

Figure 13. Expenditures of All Public Institutions, 2001 
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Source: National Center for Education Statistics. Enrollment in Postsecondary Institutions, Fall 2001 and 
Financial Statistics, Fiscal Year 2001 (NCES 2004-155). Washington, DC: United States Department of 
Education. December 23, 2003. Table 29. Available at: 
http://nces.ed.gov/pubsearch^ubsinfo.asp?pubid=2004155 
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Figure PHE-5: Sludent:Faculty Ratio Has Remained Fairly Stable at Public Institutions 
and Decreased at Private Institutions. 



Source; Thomas J Kane. The Role of Fetkral Government in Financing Higher Eiiucation. R’eseniation to 
National Academies' Board on Higher Education and Workforce. March 21, 2005. 
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Figure PHE-6A: Direct Government Support of Public Higher Education Has 
Steadily Decreased While Grant and (Contract Sources Have Increased. 

Figure 12. Revenue Sources for All Public Degree-Granting Institutions. 

1980-81 to 2000-01 



Source: The College Board. Trends in College Pricing. 2004. Washington. DC. 2004, p. 20 Available at: 
http:/Avww.collegeboard.com/prod_downloads/|M’ess/cost04/041 264TrcndsPricing2004_FlNAL.pdf 
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Source: Sarah Turner. Policy JmfAications of Cltanging Funding for Public Higgler Educalion. Presentation 
to National Academies’ Board on Higher Education and Workforce, April 2005. 
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Figure PHE-6B: Public and Prhate Institutions Have Access to Different Revenue 
Sources. 
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Source: Sarah Turner. Policy Implications of Changing Funding for Public Higher Education. Presentalion 
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Figure PHE-7: Medicaid Expenses Have Begun to Compete with State Higher- 
Education .Appropriations. 
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Source: Thomas J. Kane. The Role of Federal Oovemmentin Financing Higher Education. Presentalion to 
National Academies' Board on Higher Education and Workforce, March 21, 2005. 
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Figure PHE-8A: Higher-Education Expenses Have Fallen as a Share of State 
Expenses in Parallel with Increases in Medicaid Spending. 
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Source: Thomas J. Kane. The Role of Federal Oovemmentin Futancing Higher Education Presenlalion to 
Niiiona) Academies’ Board on Higher Education and Woikforce. March 21, 2005. 

Figure PHE-8B: State Appropriations for Higher Education Have Fallen as a Share 
of Personal Income, Also In Parallel with Increases in Medicaid Spending. 



Source: Thomas J. Kane. The Role of Federal Oovemmentin Financing Higher Education Presentation to 
National Academies’ Board on Higher Education and Woricforce, March 21, 2005. 
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Figure PHE>9A: Average Published Tuition and Fee Charges Have Increased at 
Public and Private Inslitutions. 



Source; Sancfy Bauni CfKUjges in Ftimingjbr Public Higher Educaiion: 

College Prices and Student Aid. Presentation to N^iona! Academies’ Board on Higher Education and 
Workforce. April. 2005. Data are from Collie Board Trends in Higher Ecktcation Series. 2004. 


Figure PHE-9B: Decreases in Instructional .Appropriations Precede Increases in 
Tuition and Fees at Public 4-Vear Inslitutions. 



Source; Sandy Baum. Changes in PwuSfigJbr Public Higher Erhcation: 

College Prices and Student Aid. Presentation to National Academies ' Board on Higher Education and 
Workforce, April, 2005. Data arc from Collie Board Trends in Higher Education Series, 2004. 
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Figure PHE>10: Pell Grant Expenditures Are Increasing, But Average Grant Size 
HasNot Changed Substantially Since 1981. 
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College Prices and Student Aid I^esentation to National Academies’ Board on Higher Education and 
Workforce, April, 2005. Data are from Collie Board Trends in Higher Edicadon Series, 2004 


Figure PHE-11: The Federal Government i.s Responsible for a Significant Amount 
of School Funding Through Student financial Aid. 



Source: Sandy Baum. . Changes in Funding for Public Higher Education: 

College Prices and Student Aid. FVesentation to National Academies' Board on Higher Education and 
Workforce, April, 2005. Data are from College Board Trends in Higher Edicahcm Series, 2004. 
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Figure PHK-12A: Federal Aid Awarded to Students Has Doubled Since 1993. 
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Source. Sarah Turner. Policy Implications of Changing Funding for Public Higher Education Presentation 
to National Academ ies’ Board on Higher Education and Workforce. April 2005. 
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Figure PHE-12B: Merit-Based Slate Grant Aid per Student Has Increased 4-Fold 
Since 1981. 



Source; Sandy Baum. Changes in Funding for Public Higher Educaticxi; 

College Prices and Student Aid Presentation to National Academies’ Board on Higher Education and 
Workforce, April, 2005. Data are from College Board Trends m Higher Education Series, 2004. 
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F'igure PHE-12C: The Volume of I'nsub.vidized Student Loans Has Increased 
Substantially. 



Loan Dollars (in Billions) 

Source; SarahTumer. P<Uicy Impticatiom of Changing Fnntiingjdr PuUic Higiwr E(kicai<m. Presentation 
to National Academies’ Board on Hi^cr E^cation and WoiWbrcc. April 2005. 


Figure PHE-13: Purchasing Power of Pell Grant Has Decreased 


Maximum PHI Grant as Percentase ofCosI of Attendance at Public and lYlvate Four-Year Colleges. 
1981 82 to 2002-03. 



Source: Sandy Baum. Changes in Funding for Public Higher Education; 

College lYices and Student Aid. Presentation to National Academies’ Board on Higher Edication and 
Workforce. April. 2005. Data are from College Board l>end5 in Higiier Edicdion Series. 2004. 
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Figure PHli-14A: Enrollment by Income: Transitions from High School to College 
Show Marked Difference for Low- and High-Income Families. 



Total 

Low Income 
(bottom 20%) 

High Income 
(top 20%) 

1972 

49.2% 

26.1% 

63.8% 

1980 

53.9% 

33.6% 

67.6% 

1996 

65.0% 

48.6% 

78.0% 


Source: Sarah Turner. Policy Implications of Changing Funding for Public Higher Education. Presentation 
to National Academies' Board on Higher Education aid Workforce. April 2005. 


Figure PHE-14B:Annual Loan Limits Reduce Borrowing Options for Students. 

Annual Loan Limits for Sutisidczadand Unsubsidiiad Stafford Loans 
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Source; Sarah Turner. Policy Implications of Changing Funding for Public Higher Education. Presentation 
to National Academies’ Board on Higher Education and WoHcforce, April 2005. 
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Figure PHF>14C: Reduced I^an Purch;ising Po>\er and A>':iilabilit\ Create a 
DifTerential Net Cost of Attendance as a Percentage of Family Income. 
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Source: SskI>' Baum. Changes in Funding for Public Higher Edication: 

College Priees aid Student Aid Presentation to National Academies’ Board on Hi^er Education and 
Workforce. April. 2005. Data are from College Board Trends in Higher Educraion Series, 2004. 
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Fjoure PHK-15: Implications for Quality: Public Institutions Have Not Been 
Keepino Pace with Private Universities in Faculty Salaries. 



Source; Thomas J Kane The Role of Federal Govigmment m Financing Higher Education, Presenialion lo 
National Academies’ Board on Higher Education and Workforce. March 21, 2005, 
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This paper summarizes findings and recommendations from a 
variety of recently published reports and papers as input to the 
deliberations of the Committee on Prospering in the Global 
Economy of the 2 1st Centuiy . Statements in this paper should not be 
seen as the conclusions of the National Academies or the committee. 


International Students and Researchers in the United States 


Sumnian) 

The United States has experienced a steadily grow ing influx of graduate students and 
postdoctoral scholars from throughout the world. International students now constitute more 
than a third of US science and engineering (S&E) graduate-sehix^l enrollments, up from less than 
a quarter in 1982. More than half the S&E postdoctoral fellows arc temporaiy residents, half of 
whom earned a doctorate degree outside the United States. Including undergraduates, more than 
a half-million foreign citizens are studying at colleges and universities in the Ihhted States. 

Many of the international students educated in this country choose to remain here affer 
receiving their degrees. More than 70®o of the foreign-bom S&E doctorates w ho received their 
degrees in 2001 remained in the United States for more than 2 years, up from about half the 1989 
doctorate recipients. 'Hiese skilled migrants are an import«mt source of innovation for the US 
economy. 

Tlie terrorist attacks of September 1 1, 2001, caused drops in the numbers of international 
students applying to and enrolling in US graduate programs. In addition, other countries are 
developing their ow n sv^tems of graduate education to recruit and retain more hi^ly skilled 
students and professionals. In this environment of increased competition and reduced 
international mobility, the US education ;uid reseiirch enterprise will have to readjust to be able 
to keep attracting the best students from home and abroad. 

International exchanges of students and skilled professionals can benefit both the sending 
and receiving countries. Certainly, the United States S&E research enterprise depends critically 
on inteniational students and scholars. Recommendations that various groups have made to 
maintain and enhance the ability of the United States to attract these highly skilled people 
include the following: 

• Create new nonimmigrant visa categories exempted from the 214b provision for doctoral- 
level graduate students and postdoctoral scholars. 

• E.xtend the validity of Visas Mantis security clearances for international students and 
scholars from the current 2-year limit to the duration of their academic appointments. 

• .Allow international students, scholars, scientists, and engineers to renew their visas in the 
I'nited States. 

• Implement a points-based immigration policy, similar to that of Canada or the United 
Kingdom, in which graduate education and S&E skills count toward obtaining 
citizenship. 
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Science* iiinl P'ngineeruig Graduate KnroUments and Degrees 

The exchange of people and ideas across borders, accelerated in the last 2 decades by 
perestroika and Uie emergence of East .Asia as a world economic power, has transformed 
institutions and individuals. Most countries today send briglil young people to study abroad.' 
Many of them stay and contribute in lasting ways to their adopted coiuUries. .And whether they 
stay, return home, or move on to a third eountrv'. they become part of a global network of 
researchers, practitioners, and educators that provides cultural and intellectual support for 
students and scholars w hatever their origins. 

Since World War II. the United States has been the most popuhir destination for S&E 
graduate students and postdoctoral scholars choosing to study abroad. With about 6®o of the 
world's population, the I'nited States has been producing over 20®o of the S&E PhD degrees.* 
International graduate students and postdoctoral researchers, man>' of whom stay in tlie United 
States after completing their studies, make substantia] contributions to our society by creating 
and applying new know ledge. 

Tlie total number of S&E graduate students in US institutions has grown consistently 
over the last several decades, w ith an acceleration during the 1990s.^ These increases have taken 
place despite evidence that US graduate schools give preference to domestic applicants."* Since 
the 1970s, the strongest inftow of graduate students has been from .Asian countries. From 1985 
to 2001, students from China, Taiw an. India, and South Korea earned more than half the 148,000 
L^S science and engineering doctoral degrees awarded to foreign students, four times the number 
awarded to students from Europe. 

The percentage of international students in US graduate schools has risen from 23.4®o in 
1982 to 34.5'^o in 2002 (sec Figure IS-I). In 2002. international students received I9.5®oof all 
doctorates awarded in the social and behavioral sciences. 18.0®o in the life sciences. 35.4®6 in the 
physical sciences, and 58.7®o in engineering.^ For doctorate>granting institutions, total 
enrollment of international S&E graduate students increased dramatically betw een 2000 and 
2002. In 2002. 55. 5*?© of international S&E graduate students were enrolled at Research I (Rl) 
universities; Rls also enroll the highest proportion (26.0%) of international students (see Figure 
IS-2). 'foday, the total number of foreign citizens studying in US universities (including 
undergraduates) has passed the half-million mark. 

.A recent study further delineates the changing demographics of graduate students in US 
institutions.® In 1966, l^S-bom males accounted for 71% of S&E PhD graduates, and 6®o were 
aw arded to US-bom females; 23^o of doctorate recipients w ere foreign-born. In 2000, 36°o of 
doctorate recipients were l^S-bom males. 25®o US-born females, and 39®o foreign-bom. .Among 
postdoctoral scholars, the participation rate oflemporar> residents has increased from 37.4‘^<i in 


* Todd M Davis. 2003 Allas of Student Mobility'. New York Institute of International Education 

^ National Science Board. 2004. Science and Engineering Indicators 200-t (NSB 04-1), Arlu^toa VA; National 

Science Foundation 

%bid 

* Gregory Attiych and Richard Attiych 1997. “Testing f^Bias in Graduate School Admissions." Journal of 
Human Resources 32.524-548. 

* National Science Foundation. Survey of Graduate Students and Postdoctorates in Science and Engineering 2002. 
Arlington. VA National Science Foundation. 2004. Life sciences include biological sciences, agricultural sciences, 
and health fields, social sciences include p^'chology. and f^ysical sciences include ph>'sics. chemistry, 
mathematics, computer science, and earth sciences 

* R-B- Freeman. E. Jin, and C.-Y. Shen 2004 llTiere Do fvew US-Trained Science-Engineering PhDs Come From? 
(Working Paper Number 10544), Cambndge, MA National Bureau of Economics Research 
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1982 to 58.8®o in 2002 (see Figure IS-3). Similarly, the share of foreign-bom faculU who 
earned their doctoral degrees at I'S universities has increased from 1 1 .7®o in 1973 to 20.4®o in 
1999. In engineering fields, the share increased from 18.6®o to 34.7®o in the same period.’ 

Stay Kates of International (Graduate Students and Scholars 

Representation of foreign-bom scientists and engineers in I ’S S&E occupations varies by 
field, countjy of origin, economic conditioas in tlie sending countiy , and when the PhD was 
awarded. In total, foreign-bom scientists and engineers were 22.7®o of the US S&E labor force 
in 2000, an increase from I2.7®o in 1980. Foreign-bom doctorates were 37.3®o of the US S&E 
labor force, an increase from 23.9®o in 1990. 

One study found that 45®o of international students from developing countries planned to 
enter the US labor market for a time, and 15®o planned to slay pemianently; another 15®o 
planned to go to a third countr\’.^ .Another study show ed that the stay rate of international 
doctorate scientists and engineers has increased steadily and substantially in the last decade.^ 
file proportion of foreign-bom doctorates remaining in the United States for at Iea.st 2-years after 
recei\ing their degrees increased from 49®o for the 1989 cohort to 71®'o for the larger 2001 
cohort.’ 

Slay rales were highest among engineering, computer-science, and physical-science 
graduates. Stay rales also varied dramatically among graduate .students from the top source 
countries — China (%®o). India (86® o), Taiwan (40®b), and Korea (21^o). l>eci.sions to stay in the 
United States appear to be strongly aft'ected by conditions in the students' home countries, 
primarily the unemploN'ment rate, the percentage of the labor force that works in agriculture, and 
per capita GDP.” 

Costs and Ik'neftts of Intcniational Mobility 

Skilled migrants contribute to the US economy a.s technicians, teachers, and researchers 
and in other occupations in w hich technical training is desirable (see Table IS-1 ). Some research 
suggests that they generate economic gains by contributing to industrial and business innovation, 
resulting in a net increase in real w ages for both citizen and immigrant workers. One study, for 
example, found Uiat the immigration of skilled workers added to local skills rather than 


National Science Board 2004 Sa<ince and Engmeenng Indicators 200J (HSB04AX fid\inglon,V A National 
Science Foundaticm Appendix table 5-24 Available at http //u'ww nsf gov/sbe''srs/'seind02.'^pend/c5 'at05-24 xls 

* N. Aslanbeigui and V Montecinos 1998 “Foreign Students m US Doctoral pTog,riia\&.'' Journal of Economic 
Perspechws 1 2 . 1 7 1 - 1 82 

* Although ifHemahonal student is usually taken to mean a student cm a temporaiy visa, the figures sometimes 
include students on both tempenary and permanent visas to compensate for the large number of Chinese students in 
the 1990s who became permanent residents by special legal provisions This issue is discussed m greater detail by 
Finn (see next footnote), who finds the slay rate for those on tempc^aiy arxl permanent visas almost the same 
‘®MichaelG Finn 2003 Slay Rateso/ForeignDoctorate Recipientsyrom US Universities, 2001, OdkRitSi^e.TN: 
Oak Ridge Institute for Science and Education The stay rate was defined as remaining in the United States for at 
least 2 years aher receipt of the doctorate, but Finn estimates that these rates do not fall appreciably during the first 5 
years aher graduation 

” D L Johnson 2001 Relationship BetMeenSta^' Rates ofPhD Recipients on Temporaiy lisas and Relative 
Economic Conditions in Country of Origin (Working Paper), Oak Ridge. TN Oak Ridge Institute for Science and 
Educaticm 
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substituting for thcm.’^ The authors' econometric analyses suggest that a 10% increase in the 
number of international graduate students would raise university patent grants by 6® b and 
nonuniversity patent grants by 4°o. Ilie authors concluded that bureaucratic hurdles in obtaining 
student visas may impede innovation if they decrease the inflow of international graduate 
students. 

Foreign-bom and foreign-educated scientists and engineers have made a disproportionate 
number of ‘"exceptional" contributions to the S&E enterprise of the United States.*^ Since 1990, 
almost half the US Nobel laureates in science fields were foreign-bom; 37®o received their 
graduate education abroad. The large number of foreign-bom scientists and engineers working 
in the United Stales who were educated abroad suggests that the Ignited Stales has benefited 
from investments in education made by other countries. 

Many people believe that emigration of technically skilled individuals ofien called a 
“brain drain"- is detrimental to the countr\’ of origin. However, the concept of brain drain may 
be too simplistic ina.smuch as it ignores the many benefits of emigration, including remittances, 
international collaborations, the return of skilled scientists and engineers, diaspora-facilitated 
international business, and a general investment in skills caused by the prospect of emigration.'^ 
.'Vs the R&D enterprise becomes more global, some obsers ers propose that “brain drain" be 
recast as “brain circulation"'^ juid include the broader topics of the international circulation of 
thinkers, knowledge workers, and rights to knowledge.' Such a discussion would include issues 
of local resources: many countries lack the educational and technical iiifrastnicture to support 
advanced education, so aspiring scientists and engineers have little choice but to seek at least part 
of their training abroad, and in many instances such travel is encouraged by governments. 
Supporting the concept of brain circulation is the finding that ethnic networks developed in the 
Ignited States by international students and scholars help to support knowledge transfer and 
economic development in both the United States and the sending country.'’ 

In other countries, migration for employment, particularly for highly skilled w orkers, 
remains a core concern.'* Kuropean Union (EU) countries, especially tlu>se w ith developed S&K 
capacity, have implemented strategies to facilitate retention and immigration of the technically 


G- Chelleraj. K.E. Maskus, and A. Mattoo. 2004. The Contribution of Skilled Immigration and International 
Graduate Students to US Inno\'ation (Working Paper N. 04-10), Boulder. CX): University of Colorado. 

P.E. Stephan and S.G. Levin 2005. “Foreign Scholars in US Science: Contributions and Costs." In: Science and 
the University, eds Ronald Ehrenbcrg and Paula Stephan, Madison, WI: University of Wisconsin Press 
(forthcoming). The authors use six criteria to indicate “exceptional" contributions (not all contributions) in S&E; 
individuals elected to the National Academy of ScierKes(NAS) and'or National Academy of Engineering (NAE), 
authors of citation classics, authors of hot papers, the 250 most-cited authors, authors of highly cited patents, and 
scientists who have played a key role in launching biotechnology firms 
D Kapur and J. McHale 2005. "Sojourns and Sofiware Internationally Mobile Human Capital and High-Tech 
Industry Development in India. Ireland, and Israel " In; From Underdogs to Tigers: The Rise and Growth of the 
Sofhvare Industry in Israel Ireland and India, A AroraandA Gambardella. Oxford, UK: Oxford University 

Press 

‘*OECD. 2002. International Mobility of the Highfy Skilled (Policy Brief 92 2002 01 1P4). Wa.shmgton. DC: 

OECD- Available at: http: Vwww.oecd.org/dataoecd’9/20/1950028-pdf 
Bogumil Jewsiewicki 2003 The Brain Drain in an Era of Liberalism, Ottaw'a, ON Canadian Bureau for 
International Education 

William Kerr. 2004. Ethnic Scientific Communities and International Technology Difiusion (Working paper). 
Available at: http-7/econ-www.mit-edu faculty'downloadjxifphp?id“994- 
OECD members countries include Australia, Austria, Belgium, Canada, the Czech Republic. Denmark, Finland, 
France, Germany. Greece, Hungary. Iceland, Ireland, Italy, Japan, Korea. Luxembourg, Me.xico, Netherlands, New 
Zealand, Norw'ay, Poland, Portugal, the Slovak Repi^lic, Spain, Sweden, Switzerland, Turkey, the United Kingdom, 
and the United States. 
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skilled. Several Organisation for Economic Co-operalion and Development (OECD) countries 
have relaxed their immigration laws to attract higlt-skilied students and workers.*^ Some are 
increasing growtii in tlieir international student populations and are encouraging tliese students to 
apply for resident statas. 

Point-based immigration systems for high-skilled workers, while not widespread, are 
starting to develop.^® Cmiada. Aastralia. and New^ Zealand use such sv-slems to recruit highly 
skilled workers. The United Kingdom has been doing so since 2001, and the Czech Republic set 
up a pilot project that started in 2004. In 2004. tlie European ETnion Justice and International 
.-UTairs council adopted a recommendation to facilitate the immigration of researchers from non- 
EU countries, asking member states to waive requirements for residence permits or to issue them 
automatically or through a fast-track procedure and to set no quotas that w ould restrict their 
admission. Also, the European Commission has adopted a directive for a special admissions 
procedure for third-w orld nationals coming to the EU to perform research. 

Recent T rends in Graduate School Enrollment 

Declines in international student applications forentn. to US graduate school have 
stimulated considerable discussion and more than a few warnings that our national S&E capacity 
may have begun to w eaken. In 2002. National Science Foundation noted a decrease in first-time 
full-time S&E graduate enrollments among temporarv residents, by about 8°o for men and \% 
for women.^^ At the same time, first-time full-time S&E graduate-student enrollment increased 
by almost I4®o for US citizens and pennanent residents — 15®o for men and more than 12®o for 
women (see Figure IS-1). 

More recent surveys by the Council on Graduate Schools showed dramatic decreases in 
applications among international students for the 2003 academic year but much smaller 
decreases in admissions. Applications and admissions for domestic students did not change 
appreciably during this period, whereas enrollments decreased by 5®b. TItere appear to be much 
smaller efl'ects on applications for the 2004 academic year (see Table IS-2) 

Tliese declines w ere partly in response to the terrorist attacks of September 1 1, 2001, 
after w Inch it became clear to ever> one that the issuance and monitoring of visas are as 
important to graduate education as the training experience. Even moreso, however, the declines 
reflect increasing global competition for graduate students amid the globalization of S&E 
education and research. 

Rising (>lobal Capacirii’ for Higher F'ducatioii 

Given Uie fast-rising global tide of S&E infrastructure and training, it w ould be surprising 
if the S&E education and research enterprise currently dominated by the United States did not 
begin to change into a more global network of scientific and economic strengtli. Indeed, there is 
considerable evidence that that process has begun. Students have been leaving their home 


Karine Tremblay, “Links Between Academic Mobility and Immigration,** SvTnposium tm Intematiwial Labour 
and Academic Mobility: Emerging Trends and Implications for Public Policy. Toronto. October 22, 2004 
^OECD. 2005 Trends m International KUgraticm: 2004 Annual Report Pans Organisation for Economic Co- 
operation and Development See htlp;^’www.workpermiLcom' for more information on immigration policies in 
English-speaking countries and the European Uniem. 

National Science Foundation. Graduate Enrollment tn Saence and Engineering Fields Reaches Ncm’ Peak: First- 
Time Enrolbnent of Foreign Students Declines (H'SP 04-326). Arlington, VA National Science Foui>dation. 2004 
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countries in search of academic opportunities abroad for thousands of years. For scientists and 
engineers, the trend gained importance with the rise of universities and the need for formal 
training unavailable at home. .As early as the late ISHh century, many .Americans were drawn 
abroad to German universities to gain expertise in fast-growing new technical fields. In the 
following decades, that trend gradually reversed as US universities gained technical strength and 
attracted both faculty and students. US universities also benefited from an influx of educated 
refugees fleeing war-tom Europe during and after World War II. 

Now, even while the United States can boast of 17 of the world's top 20 universities.^^ 
the US share of the world's S&E graduates is declining rapidly. European and .Asian universities 
have increased degree production w hile the number of students obtaining US graduate degrees 
has stagnated (see Figure IS-4). .As countries develop know ledge-based economies, they seek to 
reap more of the benefits of international educational activities, including strong positive effects 
on GOP growth. Emerging economies have coupled education-abroad programs with strategic 
investments in S&E infrastructure — in essence pushing students away to gain skills and creating 
jobs to draw them back. Other countries, particularly in Europe, are tr\ ing to retain their best 
.students and also to increase quality and open international access to their own higher 
educational institutions. 

\'isa and Inimignition Policy 

A grow ing challenge for policymakers is to reconcile the flow of people and infomiation 
with security needs. Policies and regulations, particularly those governing visas and 
immigration, can dismpt the global movement of individuals and therefore the producti\'ity of 
scientists and engineers. In turn, this can affect a nation's economic capabilities. 

The repercussions of the terror attacks of September 1 1. 2001, have included security- 
related changes in federal visa and immigration policy. (Xher immigration-related policies 
relevant to international student flows are international reciprocity agreements and deemed 
e.xport policies. Policy changes intended to restrict the illegal movements of an e.xlremely small 
population have had a substantial eff'ect on international graduate students and postdoctoral 
scholars already in the Ignited States or contemplating a period of study here. 


** W. I. Cohen 2001 East Asia atthi Center: Four Thousand Years of Engagement widi the World New York: 
Columbia University Press 

^ D. E. Stokes 1 997, Pasteur 's Quadrant: Basic Science and Technological Innovation, U'ashington DC : 
Brookings Institution, pp. 38-41 . Stokes e.xplains the elTect of this e.xport and re-importation of S&E talent on US 
universities: '^This tide, which was at a flood in the 1 880's, reflected the lack of an /\mchcan system of advanced 
studies adequate to the needs of a rising industnal nation, and was a standing challenge to create one. The cflbrts to 
fill this gap in Amencan higher education were generously supported by Amcnca's econcHnic e.xpansion, 
particularly by the fM’ivate mdividuals who had acquired great wealth in the decades aher the Civil War. many of 
whom had gamed a vision of what might be done fiom their studies in the German universities.” 

^ Shanghai's Jiao Tong University Institute of Higher E(iucalk>TU Academic Ranking of World Universities. 2004. 
Available at; hllp://cd.sjlaedu.ca'’rank'’2004.'2004Nfam.htm. The ranking emphasizes prizes, publications, and 
citations attnbuted to faculty and staff, as well as the size of institutions. The Times Higher Education supplement 
also provides international compansons of universities. 

** The Conference Board of Canada 1 999, The Economic Implications of International Education for Canada and 
Nine Comparator Countries: A Comparison of International Education Activities and Economic Performance. 
Ottawa, ON: Department of Foreign Affairs and International Trade. Also see AnnaLec Saxenian 1999. Silicon 
Valley 's Nen' Immigrant Entrepreneurs. San Francisco: Public Polic>’ Institute. Available at. http.//www.ccis- 
ucsd.org/PUBLICAT10NS/wrkgl5.PDF. 
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Changes in visa and immigration policies and structures had a rapid and adverse elTect on 
student mobility. Nonimmigrant*\isa issuance rates decreased, particularly for students (see 
Figure IS-5). Implementation of the student-tracking system, the Student and KKchange Visitor 
Information System (SEMS), and enhanced Visas Mantis securiw screening led to closer 
scrutiny and longer limes for visa processing, in some cases caasing students to miss classes or 
to turn to other countries for tlieir graduate training."* .After intense discussions between the 
university community and government agencies. ^ ' some of Utese policies have been adjusted to 
reduce eft'ects on student mobility (sec Figure IS-6), However, unfavorable perceptions remain, 
and international sentiment regarding the L'nited States and its visa and immigration processes is 
a lingering problem for the recruitment of international students and scholars. 

Rt'COiniiieridiitHHis 

To maintain its leadership in S&E research, ilic United States mu.si be able to recruit tlie 
most talented people worldwide for positions in academe. induslr>, and go\ emment.^* ITie 
United Slates Uierefore must work to attract the best international talent while seeking to improve 
the mentoring, education, and training of its ow n S&E students, including women and members 
of underrepresented minority groups. Ibis dual goal is especially important in light of increasing 
global competition for the best S&E students and scholars. 

Federal actions that have been recommended include the following; 

• Create new nonimmigrant-visa categories for doctoral-level graduate students and 
postdoctoral scholars, whether they are coming to the L'nited States for formal 
educational or training programs or for short-term research collaborations or scientific 
meetings.*® The categories should be exempted from the 214b provision whereby 
applicants mast show that they have a residence in a foreign countr>' that they have no 
intention of abandoning. 

• Allow- international students, scholars, scientists, and engineers to renew their visas in the 
l'nited Slates.*® 

• Negotiate visa reciprocity agreements between the L’nited Stales and key sending 
countries, such as China, to extend visa duration and to pennit multiple entries." " 

• In the case of deemed e.xport controls, clear students and scholars to conduct research and 
use equipment required for such research through the visa process.*’ 


^ See. among many examples "A Visa System Tangled in Red Tape and Misconceived Security Rules is Hurting 
America” The Economist, May 6, 2004, Caroline Alphonso, ‘'Facing Security Hurdles. Top Students Flock to 
Canada”. Vu Globe and Mail. February 22. 2005 

^ “Statement and Recommendaticms on Visa R-oblems Harming Amenca's Sdcntific. Economic, and Secunty 
Interests.” February 1 1. 2004, signed b>' 22 scientific, engineenng. and academic leaders. 

* Committee on ScieiKe, Engineenng. and Public Policy. 2005, Policy Implications of International Graduate 
Students and Postdoctoral Scholars tn the United States. Washington DC; National Academies ft-css. 

”lbid 

^ "Reccmtmendations for Enhancing the US Visa System to Ad\'ance Amenca's Scientific and EcoiKimic 
Competitiveness and National Security Interests". May 18. 2005. signed by the National Academics presidents and 
38 higher education and business aganizations. 

** Association of American Universities. “Revision and Clarificaticm of Deemed Export Regulatory- Requirements.” 
submitted to the Bureau of Industry and Sccunty. US Department of Ccmimerce, June 27, 2005 
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• Implement a points-based immigration policy, similar to that of Canada or the I nited 
Kingdom, in which US graduate education and S&E skills count toward obtaining US 
citizenship.^^ 

Iiiteniatimial Students mid liitenuitional Scholars in the United States 


Appi'ndix I: Figures and Tables 


Figure IS-1: Full-Time Science and Engineering (»raduate Fjirollnients Increasing Among 
Domestic Students; First- Time Fnrollments Stable or Decreasing for International 
Students. 

Figure IS-2: International (graduate Students Enrolled Predominantly at Kesearcli 1 
Universities. 


Figure IS-3: (Ker Half of .\cadeniic Postdoctoral Scholars .\re Temporaiy Residents. 

Table lS-1: Foreign-Bom Play a Large Role in US S&E Enterprise as Measured by Those 
Who Hold S&E Positions; Most F'orelgn-Boni in Mathematics or Computer-Science Jobs 
Requiring a Bachelor's or Master's Degree. 

Table lS-2: Large Decrease in .Applications and Admissions but More Limited Decrease in 
Enrollments for International Graduate Students between 2002 and 2003 Academic ^'ear. 

Figure IS-4. l‘S Doctorate Production Ls Stagnating hile Production in Other C ountries, 
Particularly China, Is Increasing. 

Figure IS-5: N'isa Issuance Rates for .Students and F'xchange Msitors are Back to Pre'9-1 1 
Levels. 

Figure lS-6: The \'lsas Mantis System Overload Has Been Overcome, and Oxer 80% of 
Clearance Decisions .Are Now Made in I’nder 30 Days. 


Appendix 2: Existing High-Skilled Immigration Policies in OECD Cmintries 

(1) Points-Based ImmigratiiHi for Iligh-SkilliHl Workers 

(2) Busiiu’ss Tnivel 

(3) Student \'isas 

(4) \\ ork Penults for International Students and Spouses 

(5) Pennit to Stay After Ctraduatioii to Find a Job 


OECD, Trends m International Mtgratton: 2004 Annual Report, Pans: Organisation for Economic Co-opcralion 
and Develofsnent, 2005- See appendix for information on existing immigration policies. 
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Figures and Tables 


Figure IS-1: Full-Time Science and Kngineering (*raduate Knrollments Increasing Anion 
Domestic Students; First-Time Enrollments Stable or Decreasing for International 
Students. 



National Science Foundation Survey of Graduate Students and Postdoctorates in Science and Engineering 2002. 
Arlington. VA; National Science Foundation 3004 Enrollment numbers include medical fields. 
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Figure IS-2: International (vraduate Students F^nroUed Predonimantly at Research 1 
I'niversities. 



♦ Public 

• ' Pnvate 
-A-RI 

■ w ■ ■ Doctorate-Granting 

« \ Kis t oi'-s-c a an t D>g 


Source. The Council of Graduate Schools. CGS/GRE Graduate Enrollment and Degrees: Annual surveys from 
1992-2002. Washington. DC. Available at; http .'/www.cgsnet.cwg/VirtualCentcrResearch-'graduateenrollment.hlm. 
The CGS enrollment numbers include all major S&E fields, as business, education, humanities and arts, and pubbc 
admmistralion and services. Thenon-S&E fields have 3 and 17% enrollment of international students CGS states. 
“Institution type was a major differentiating vanable in the enrollment of non-US students, reflecting the 
concenlralicn of international students in doctoral programs in science and engineering.” 

Figure IS-3: Over Half of Academic Postdoctoral Scholars .Are Temporant Residents. 


Total Postdoctoral Pool 



3 Citizens and 
Permanent 
Residents 
I Teir^oraiy 
Residents 


—A— T en^oraiy 
Residents as 
% ofTotal 


Year 


National Science Foundation. Survey of Graduate Students and Postdoctorates in Science and Engineering 2002. 
Arlington. VA: National ScieiKe Foundation 2004. Medical fields are included, but postdoctoral scholars with 
medical degrees (presumably actir^ as physicians) are excluded from the analysis. 
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Table lS-1: Forelgn-B<>m Play a Large Role in TS S&L Knterprise as Measured by Those 
Hold S&K Positions; Most Foreign-Bom in Mathematics or ( oniputer-Science Jobs 
Requiring a Bachelor's or Master's Degree. 


Number of Foreign- born in USS&K Occupations 2000 



AIIS&E 

KngirKering 

Life Sciences 

Mathematics 

and 

Computer 

Physical 

Sciences 

Social 

Sciences 

All collegr-educuted 

816.000 

265.000 

52.000 

Sciences 

370,000 

92.000 

37.000 

Bachelor’s 

degree 

365,000 

132.000 

6.000 

197.000 

21,000 

9.000 

Master’s 

degree 

291,000 

100.000 

10,000 

146.000 

21.000 

14,000 

Profe.ssional degree 

25.000 

5,000 

8,000 

6,000 

4,000 

2.000 

Doctoral 

degree^ 

135,000 

28,000 

28.000 

21,000 

46,000 

1^000 


Source: National Science Board 2004 Science anJ Engineenng Imiicators. 2004 (NSB 04-1). Arlington, VA; 
National Science Foundation Chapter 3 

Note: Data are from US Census 2(XI0 5% Public Use Microdata Samples (PUMS) and include all S&E occupations 
other than postsecondary teachers, because field instruction was not included in occupation coding for the 2000 
census 

§ In 2001. 57% of those who were foreign-bom S«&E doctorate holders were US citizens. National Science Board 
2004 Science anJ Engineering Incbcaton, 2004 (NSB 04-1). Arlington, VA; National Science Foundation 


Table IS-2: Large Decrease in Applications and Admissions but More Limited Decrease In 
Knrollnirnts for International (vraduate Students bet^^een 2002 and 2<M)3 Academic N'car. 


Total 

Applications -28®o(-5®o)* 
.Admissions •I8?o 
Fnrollments -6% 


Kngineering Life Sciences Physical Sciences 

-36‘'o(-7»o) .24‘*o(-l%) -26«o(-3%) 

-24% -I9«o -17®o 

-8°o .10°o -6% 


Heath Brown Council of Graduate Schools Finds Decline in iVew International Graduate Student Enrollment for 
the Third Consecutive Year. Washington. DC; Council of Graduate Schools. November 4. 2004 

*Availab]c data ftx the 2005 academic year arc shown in parentheses Heath Brown arxl Maria Doulis. 2005. 
Findings from the 200S CGS International Graduate Survey I. Washington DC: CouiKil of Graduate Schools 
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Figure IS-4. I'S Doctorate Production is Stagnating NMiile Production in Other Countries, 
Particular!} ('hina. Is Increasing. 



Wars 


A - tinted States 
— Gemiany 
— ®— tilted Kingdom 
>— Japan 
■ -China 
« ' ■ India 
W ' ■ South Korea 
* Taiwan 



Source Nalnxial Science Board Science and F.ngmeehng Indicators 2004 (NSB 04-01) Arlington. V'liginia 
National Science Foundation 2004. Table 5-30 

Not only are other countries increasing their St&E doctorate production, they are also attracting more international 
students However, the United States may still be ahead in retaining students and attracting high-skilled w'orkers 

• The * cage of foreign students on OECD campuses rose by 34.9^4 <xi average between 1 998 and 2002 and by 
50% or more in the Czech Republic. Iceland. Korea. New island. Norway. Spam, and Sweden In absolute 
tenns. more than 450,000 new individuals crossed borders to study in an OECD country during this shon period, 
raising the number of foreign students enrolled on OECD campuses to 1.781.000. Karme Tremblay 2004 “Links 
between academic mobility and immigratKm'* Symposium on International Labour and Academic Mobility': 
Emerging Trends and Implications for Pid>lic Policy. Toronto. October 22. 

• In 2000. the EU was ahead of the United States and Japan m the production of S&E graduates As a proportion 
of PhDs per 1.000 population aged 25-34 years, the EU-15 had an average of 0.56, the United States had 0.48 and 
Japan had 0 24 However, the em igration of EU- 1 5 $«&£ graduates is creating a restriction for European R&D In 
the late 1990s. the Eurc^an Si&E workforce accounted for 5 4 per thousand workers vs 8 1 per thousand in the 
United States and 9 3m Japan European Commission. 2002. Ton ards a European Research Area Science. 
Technology, and Innovation, Key' Figures 2002. Brussels. European Commission, pp. 36-38 Available at 

ftp 'ftp cordis la pub indicalori.'docyind kn:iXi: pdf 

• Two independent estimates indicate that of the 60*/« of academic postdoctoral scholars who hold temporary 
visas, about four-fifths have r>on-US doctorates, which means that half of all US academic postdoctoral scholars 
have non-US doctorates ” Of postdoctoral scholars on temporary visas, almost 80^ « had earned their PhDs 
outside the United States Of those with non-US PhDs, the highest number came from China (25%), followed by 
India (1 1%), Germany (7%). South Korea (5%), Canada (5%). Japan (5%). the UK (4^ #), France (4®'#). Spiain 
(2%). and Italy (2%) The United States is benefiting from an inflow of postdoctoral scholars who have received 
graduate support and training elsewhere 


^ Estimates based on the NSF Survey of Doctorate Recipients 2001, the NSF Survey of Graduate Students and 
Postdocs 2001. and the 2004 Sigma Xi National Postdoctoral Survey Available at http; ''postdoc.sigma.xi org. 
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Figure 18-5: \’isa Issuance Kates for Students and Exchange N'isitors are Back to Pre-9-11 
levels. 


FI Msas 



1999 2000 2001 2002 2003 2004 
Mscul Year 


J1 N'isas 



1999 2000 2001 2002 2003 2004 
Msical Year 


3Refusab 

Overcomcl 

3 Total 
Revised 

-Adjusted 

Refusal 

Rate 


I bsucd 


] Refusals 
Ov'ercome 

] Total 
Refused 

-Adjusted 

Refusal 

Rate 


Source: United States Department of Slate Bureau of CcMisuIar Affairs Report of the I’tsa Office: Multi Year 
Reports ( I992~2004l. Washington, DC: US Department of State. Available at http./ lravei state gov/visa/report.html 
Note: Report of the risa Office is an annual publication of the US Department of Stale, published by the Bureau of 
Consular Affairs. Recent editions are available at http:/<‘travel.state.gov/Visa''reporthtm]. The adjusted refasal rate 
is calculated with the following formula: (Refusals ' Refusals OvercomeA\'aivedy(Issuance$ + Refusals Refusals 
Os'ercomeWaived). 

A steep decline in visa issuances began in 2001 and continued through 2003. J-visa issuances, mostly to Europeans, 
follcnved roughly the same pattern, with a larger rise in the 1990s and a smaller downturn after 2001 To date, the 
dow'ntum has reflected an increased denial rate more than a decreased application rate. As seen in the figure, the 
refusal rate for J-visa applicants rose steadily from 2000 through 2003. The adjusted refusal rate for F-visa 
applicants peaked in 2002. In 2004, denial rates had decreased considerably and were approaching 1999 levels. 
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Figure IS-6: The \ lsas Mantis System Overitrad Has Been erconie, and O^er 80% of 
Clearance Decisions Are Now Made in Tnder 30 Days. 



Source: United States Department of State Bureau of Consular AfTairs, Report of th^ Visa Office.. Washington. 

DC: US Department of State Available at http ^'travel. stale gov/visa^repon.html. 

In 2002, a new antiterrorist screening process called Visas Condor was added for nationals of I’S-designated state 
sponsors of terrorism^ that initially overloaded the Security Advisory Opini<m (SAO) interageiKy process and 
slowed N'lantis clearances^* The problem of extended waiting times for clearance of ncHiimmigrant visas flagged by 
\4anlis has for the most part been addressed successfully ^ By August 2004. the proportion of Visas Mantis 
visitors cleared w'lthin 30 days hasd risen substantially, and fewer than 15% took more than 30 days. The VTsas 
Mantis process*' is triggered when a student or exchange-visitor applicant intends to study a subject covered by the 
Technology Alert List (TAL). The express purpose of the TAL, originally drawn up as a tool for pre\'cnting 
proliferation of weapons technology, is to prevent the e>TK)rt of “goods, technology, or sensitive information" 
through such activities as “graduate-level studies, teaching, conducting research, participating in exchange 
programs, receiving training or cmploymcnl"” Initially, Mantis iM’ocedurcs were applied on entr>' and each re-entry 
to the Ignited States for persons studying or working in sensitive fields. In 2004, SAO clearance was extended to 1 
year for those who were returning to a US government-sponsored program or activity and performing the same 
duties or functions at the same facilit>' or organization that was the basis for the onginal N^tis authorization.*’ In 
2005. the US Department of State extended the validity of Marais clearances for F. J. H. L. and B visa categones 


’^Countries designated sectiwi 306 in 2005: Iran. S>Tia, Libya. Cuba. North Korea, and Sudan. See 
http /'travel siate.gov /visa’temp‘'mfo/mfo_l 300.html 

** Government Accountability OHice. 2004 Border Security: Improvements Needed to Reduce Time Taken to 
Ac^udicate lisas for Science Students andSchobrs(GAO-h4-3y\). Washingtoa DC. GAO In April-June 2003. 
applicants waited an average of 67 days for completicm of secirity checks associated with visa applicatkms 
** Government Accountability Office. 2005. Bonder Security: Streamlined 1‘isas Mantis Program has /oMv/vcf 
burden on science students and scholars, but further refinements needed (GAO^)5-198). Washington DC; GAO. 

The Visa Mantis pre^ram was established in 1998 and applies to all nonimmigrant visas, including student (F), 
exchange-visitor (J). tempewary-worker (H). inlracompany -transferee (L). business (B-1). and tounst (B-2). 

** Sec ht^./.travcl.statc.gov ’visa/testimony 1 hlml for an overview of the Visas N'fanlis and Condor programs. 

** SeeDcpartmcnt of Slate cable. 04 Stale 153587. No. 22. Revision to Visas Mantis CIcaraiKc Procedure. Available 
at: http /'travel slalcgov/visaslatel53587 html 
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Clearances for F visas are valid for up to 4 years unless the student changes acadcin ic positions. H. J. and L 
clearances are valid for up to 2 years unless the visa holder's activiQ' in the United States changes.^ 


“Extension of validity for science-related interagency visa clearances ” Media Note 2005/1 82. US Dcpanmcnl of 
Slate. February 11, 2005,. Available at: htlp;//w'ww.state-gov/r/f»'prs/ps'2005/42212,htin 
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Appendix 2 

Kxisting High-Skilled Immigration Policies in OK('D ( ountries^' 

Migration for employment particularly for higli skilled workers, remains a core concern for 
OECD member countries.**' EU countries, especially those witli developed S&E capacity, have 
implemented strategies to facilitate retention and immigration of the technically skilled. Several 
OECD countries have rela.xed their immigration laws to attract high-skilled students and 
workers. Some are increasing growth in their international-student populations and encouraging 
lliese students to apply for resident status."*^ 

(1) Points- Hased Immigration for High-Skilled \\'orkers 
Points systems, while not widespread, are starting to develop. Canada, .Australia, New Zealand, 
and the United Kingdom use such systems to recruit highly skilled workers. The Czech Republic 
set up a pilot project that started in 2004. In 2004, the EU Justice and International .Atfairs 
council adopted a recommendation to facilitate researchers from non-EU countries, which asks 
member states to w aive requirements for residence permits or to issue them automatically or 
through a fast-track procedure and to set no quotas that would restrict their admission. Pemiits 
should be renewable and fiimih reunification facilitated, fhe European Commission has 
adopted a directive for a special admissions procedure for third-world nationals coming to the 
EU to perfomi research. This procedure will be in force in 2006. 

• Canada has put into place a points-based program aimed at fullllling its policy 
objectives for migration, p<inicularly in relation to the labor-market situation. The 
admission of skilled w orkers depends more on human capital (language skills and 
diplomas, professional skills, and adaptability) than on specific abilities.**^ Canada has 
also instituted a business-immigrant selection program to attract investors, entrepreneurs, 
and self-employed workers. 

• Ciermany instituted a new immigration law on July 9. 2004. .Among its provisions, in 
the realm of migration for employment, it encourages settlement by high skilled workers, 
who are eligible immediatelx for permanent residence permits. Family members w ho 
accompany them or subsequently join them have access to the labor market. Like 
Canada. (lennany encourages the immigration of self-employed persons, who are granted 
temporarx residence permits if they invest a minimum of I million euros and create at 
least 10 jobs. Issuance of w ork pemiits and residence pemiits has been consolidated. The 
OITice for Foreigners w ill issue both permits concurrently, and the Labor .Administration 
subsequently approves the work permit. 


■*' Unless otherwise noted, policies listed arc from an overview presented in. OECD. 2005. Trends w International 
Migration: 2004 Annual Report Paris: Organisatiwi for Economic Co-operation and Development 
^ OECD members countries include Australia, Austria, Belgium, Canada, the Czech Republic, Denmark, Finland, 
France. Germany. Greece. Hungar\\ Iceland, Ireland, Italy, Japan. Korea. Laxembourg, Mexico. Netherlands. New 
Zealand. Norway. Poland. Portugal, the Slovak Repi^lic. Spain. Sweden. Switzerland. Turkey, the United Kingdom, 
and the United States. 

Karine Tremblay. 2004. Links between academic mobility and immigralion. Symposium on International Labour 
and Academic Mobility: Emerging Trends and Implications for Public Policy, Toronto. Oct<d?er22. 

^ Applicants can check online their chances to qualify formigrauon to Canada as skilled workers. A points score is 
automatically calculated to determine entr>' to Canada under the Skilled Worker category. See. Canadian 
Immigration Points Calculator Web site at http A'www workpermitcom/canada/points_calculator.htm. 
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• The UK Highly Skilled Migrant Programme (HSMP) is an immigration category 
for entiy to the UK for successful people with sought-after skills. It is in some ways 
similar to the skilled migration programs for entry' to .Australia and Canada. Tlie l^K has 
added an MB.A provision to the HSMP. Eligibility for HSMP visas is assessed on a points 
system with more points awarded in the following situations: 

o Preference for applicants under 28 years old. 

o Skilled migrants with tertiary' qualifications. 

o High-level work experience. 

O Past earnings. 

O In a few rare cases, HSMP points are also awarded if one has an 
achievement in one's chosen field. 

o One may also score bonus points if one is a skilled migrant seeking to bring 
a spouse or partner who also has high-level skills and work experience. 

• Australia encourages immigration of skilled migrants, who are assessed on a points 
system with points awarded for work experience, qualifications, and language 
proficiency^ .Applicants must demonstrate skills in specific job categories. 

(2) Business Tnnel 

• Asia-Pacific Economic Cooperation (APEC) has instituted the Business Travel Card 
Scheme designed to liberalize trade and stimulate economic grow th. I'he scheme 
facilitates travel for business people traveling for short periods to participating countries 
(in 2004, .APEC had 16 member countries, including China). Travel is possible between 
participating countries after submission of a single application, w hich is filtered by the 
applicant's home country and fonvarded to all the participating countries for 
precertification. Cardholders are checked against police records in their own country as 
well as against warning lists in participating countries. .Approved travelers get cards 
valid for .3 years that provide special access to fast-track lanes at airports. In 2(X)4, there 
were over 5,000 cards in circulation. 

(3) Student M.sns Many OECD countries are determined to attract a larger number of 
international students. In addition to developing special programs and streamlining application 
processes, some countries have signed bilateral agreements while others have decided to offer 
job opportunities to graduates. 

• Canada Students no longer require study pennits for stay's of less than 6 months. 

• France Since 1999, it has been po.ssible to obtain a 3- to 6-month visa for short-term 
studies w ithout registration. 

(4) ork Penults for Inteniatlonal Students and Spouses 

• Canada^ A new off-campus woric program allows international students at public 
postsecondary institutions to woik off campus, extending the previous policy enacted 

UK HighK' Skilled Migrant Programme Web page. Also has a points calculator. See 
hltp://www-workpcrmit-com/uk/highly_skillcd_migr anl_program.htm 
^ See points calculator at http .'.'w’vs'w.workperm it.com 'australia''point_calculator-hlm. 

^’OST. "Canada: Immigration Policy Change Widens Door forForeign Students and Scholars.’'Br7t^ej6(July 13. 
2005). Available at: http vbndges.ostina o^ 
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earlier in 2005 that allowed students to work on campus while in Canada on a student 
visa. 

• (ierntany Since 2003. international students have been allowed to work 180 haif-daN^ 
per year w ithoiil a work pennit. 

• Austria Since 2003. .students can work half-time to finance their studies. 

(5) Fcmiit to Stay after (traduation to Find a Job 

• Canatia^^ .As of May 16, 2005» a new policy allows certain students to work in their 
field of study for up to 2 years after graduation. Previously, international students were 
allowed to stay only 1 year after graduation to work in Canada. 

• (iermany International students may remain in Ciemiany for 1 year after the end of 
their studies to seek emplo>ment. 

• Foreign students at UK universities graduating from specific engineering, 
physical-science and mathematics courses are now permitted to stay in the UK for 1 year 
after graduation to take up emplovment.''® The Science and Engineering Oraduate 
Scheme was launched on October 25, 2004, and is now fully operational. ITiis new 
immigration categon. allows non-European Economic .Area nationals who have 
graduated from l^K-higher or further-education establishments in certain mathematics, 
physical-sciences and engineering subjects w ith a 2.2 degree or higher to remain in the 
UK for 12 months after their studies to pursue a career. Only those who have studied 
approved programs are eligible to apply to remain under the scheme, llie scheme was 
first announced in the UK 2003 Budget as an incentive to encourage foreign students to 
study in these fields in the l^K and to be an asset to the workplace after gradimtion by 
relieving the shortages of engineering, plu'sical-science and mathematics graduates in the 
UK. .Applicants must 

o Have successfully completed a degree course w ith second-class honours (2.2) or 
higher, a Ma.sters course or Phi) on the relevant list of Department for Education 
or Skills-approved physical-science, mathematics, iuid engineering courses at a 
l^K institution of higher or further education, 
o Intend to w ork during the period of leave granted under the scheme, 
o 13e able to maintain and accommodate themselves and any dependents w ithout 
recourse to public funds. 

o Intend to leave the I'K at the end of their stay (unless granted leave as a w ork- 
permit holder, high skilled migrant, business person, or innovator). 


*OST 2005 Ibid 

■** UK Home Office “Working tn the UK" Web p^e. Available at: 

http; ‘'A^’^^'w.worklngmtheuk gov. ukA\'orking_in_the_uk.''ea''hoincpageschenies_and_programmesgraduale_students. 
html 

The scheme was highlighted in Sir Gareth Roberts' review, "The Supply of People with Science. Technology. 
Engineenng and Mathematics Skills” (see http. ' Www kent ac uk/'stm&'research-gc roberts-transferable- 
skills/roberts-recommendations doc) that the UK was sulTenng from a shortage of engineering, mathematics and 
physical science students at universit)' and skilled wc^-kers in the labor market This shortage could do senous 
damage to the UK's future economical growth There is currently a reported shortage in sectors such as research and 
development and finarwial scrs'ices for mathematics. scieiKC. and engineenng ^cialists 
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lliis paper summarizes findings and recommendations from a variety 
of recently published reports and papers as input to tlie deliberations of 
the Committee on Prospering in the Global Economy of the 2 1st 
Centurv . Statements in this paper should not be seen as the 
conclusioas of the National Academics or the committee. 


Achieving Balance and Adequacy 
in Federal Science and Technology Funding 


Suniniiiry 

llie complementary goals of balance and adequacy in federal funding for science 
and technology require both diversity and cohesion in the nation’s R&D system. 

Diversity fosters creativity, creates competition among people and ideas, brings new 
perspecti\ es to problems, and fosters linkages among sectors. Cohesion helps ensure that 
basic research is not squeezed out by more immediate needs and that the highest quality 
research is supported. 

Federal actions that could improve the balance of federal .science and technology 
(FS&T) funding include the following: 

• Create a process in Congress that examines the entire FS&T budget before the 
total federal budget is aggregated into allocations to appropriations committees 
and subcommittees. 

• Establish a stronger coordinating and budgeting role for the Office of Science and 
Technology Policy to promote cohesion among federal R&D agencies. 

• Maintain the diversity of FS&T funding in terms of sources of funding, 
performers, time horizons, and motivations. 

• Balanee funding between basic and applied research and across fields of research 
to stimulate innovative cross-disciplinary thinking. 

• Protect funding for high-risk research by setting aside a portion of the R&D 
budgets of federal agencies for this purpose. 

• Maintain a favorable economic and regulatory environment for capitalizing on 
research — for example, by using tax incentives to build stronger partnerships 
among academe, industry, and government. 

• Encourage industry to boost its support of research conducted in colleges and 
universities from 7% to 20“o of total academic research over the ne.xt 1 0 years. 

Two important goals can help policymakers judge the adequacy of federal 
funding for FS&T, First, the United States should be among the world leaders in all 
major areas of science. Second, the United States should maintain clear leadership in 
some areas of science. The recent doubling of the budget of the National Institutes of 
Health and other recent increases in R&D funding acknowledge the tremendous 
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opportunities and national needs tliat can be addressed tliroiigli science and technology. 
Similar opportunities e.\ist in the physical sciences, engineering, mathematics, computer 
science, environmental science, and tlie social and behavioral seiences — fields in which 
federal funding has been essentially flat for the last 15 years. 

.■\mong the steps that the federal government could take to ensure that funding for 
seience and technology' is adequate across fields are these: 

• Increase the budget for mathematics, the physical sciences, and engineering 
research by 1 2“ o a year for the next 7 years w ithin the research accounts of the 
IX'partment of Knergy. the National Science I-oundation. the National Institute for 
Standards and Technology, and the Department of Defense. 

• Return federal R&D fiuiding to at lea.st l“o of US gross domestic prirduct. 

• Make the R&D tax credit pennanent to promote private support for research and 
development, as requested by the .Administration in the FV 2006 budget proposal. 

Support for a new interdisciplinary field of quantitative science and technology 
policy studies could shed light on the complex effects tliat scientific and technologic 
advances have on economic activities and social change. 


.V Century of .Science and Technology 

In 1945, in his report Science— The Endless Frontier, Vannevar Bush proposed an 
idea that struck many people as far-fetched,' He wrote that the federal government 
should fund the research of scientists w ithout know ing exactly w hat results the research 
would yield an idea that flatly eonlr.avcned the IIS government's historical practice.^ 

IX’spite tlie misgivings of many policymakers, the US go\ emment eventually 
adopted Bush's idea, file resulting expansion of scientific and technological knowledge 
helped produce a half-century of unprecedented technologic progress and economic 
growth. New teclinologies based on increased scientific understanding have enhanced 
our security, created new industries, advanced the fight agaiast disease, and produced 
new insights into ourselves and our relationship with the world. If the 20th eentury was 
.America's eentury, it also was the century of science and technology. 

Since 1 950, the federal government's annual support for research iuid 
de\elopment (R&D) has grown from less than S3 billion to more than S130 billion 
more than a 10-fold expansion in real terms.’ Today, about I in every 7 dollars in the 
federal discretionary budget goes for R&D, Performers of federal R&D include hundreds 
of colleges and uni\'ersities and many thousands of private companies, federal 
laboratories, and other nonprofit institutions and laboratories, 'nie.se institutions produce 
not only new know ledge but also the new generations of scientists and engineers who are 


' Office of Scientific Research and fXvcIopnienl, Science -The Endless Frontier, Washinglon. DC: US 
Govemmenl Printing Office. 1945 

^ A Hunter Dupree. Science in the Fede ml Government: A History of Policies and Activities. 2nded., 
Baltimore. MD. Johns Hopkins Universily Press. 1986. 

’ National Science Foundation. National Science Board. Science and Engineering Indicators 2000, 
Arlington, VA: National Science Foundation, 2000. 
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responsible for a substantial portion of the innovation that drives changes in our economy 
and society. 

Major priorities within tlie federal R&D budget have shifted from the spaee raee 
in the 1960s to energy independence in the 1970s to the defense buildup of the 1980s to 
biomedical research in the 1990s. In the 1990s. the nation’s R&D system also began to 
eneounter ehallenges that it had not faeed before. Ilie end of the Cold War, an 
aeceleration of eeonomie globalization, the rapid grovMh of informat ion technologies, 
new ways of conducting research, and very tight federal budgets led to thorough re- 
evaluations of tile goals of federal R&D. Tliough Vannevar Hush’s vision remains intact, 
the R&D system today is much more comple.x, diversified, iuid integrated into society 
than would have been imagined 60 years ago. 

In this decade, the challenges to the R&D system have intensified. Inteniational 
competitors are now targeting service sectors, including R&D. just as they have targeted 
manufacturing sectors in the past. Global development and internationalization, new 
trade agreements, and the rapid flow of capital arc reshaping indirstrics so quickly that 
policymakers barely have lime to respond. Similarly, workplace technologies and 
demands change so quickly that workers must be periodically retrained to remain 
competitive, niroughout modem economies, advantages accrue to individuals, 
governments, and companies that are adaptable, forward-looking, knowledgeable, and 
innovative. 

.At the beginning of the 21st century, the I'nited States stands at a crossroads, llie 
only way for this nation to remain a high-wage, high-technology country is to remain .it 
the forefront of innovation. .Achieving this goal will require that the nation remain a 
leader in the seientific and technological research that contributes so heavily to 
innovation. 


.Achieving Balance in federal Science and Techiiulugy funding 

Federal funding for science and technology in the United States historically hxs 
been balanced along several dimensioas — between research and development, between 
defense and nondefense R&D, between academic and nonacademic R&D perfomters, 
and so on. Much of this balance arises in a de facto manner from the independent actions 
of a wide range of array supporters and performers. But some is the consequence of 
explicit policy decisions by the executive and legislative branches. 

In the 1995 report Allocating Federal Funds for Science and Technolog)’, a 
committee of the National Research Council laid out five broad principles designed in 
part to help the federal government achieve the proper balance of R&D funding:'' 

• Make the allocation process more coherent, systematic, and comprehensive. 

• Detennine total federal spending for federal science and technology based on a 
clear commitment to ensuring US leadership. 

• .Allocate funds to the best projects and people. 

• Ensure that somtd .scientillc and tecluiical advice guides allocation decisions. 

* National Research Council. Commitlec on Criteria for Federal Support of Research and Development, 
Athcaling Federal Funds for Science and Technology. Washington. DC: National Academy Press, 1995. 
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• Improve federal management of R&D activities. 

'llie report recommended that 

• file President present an annual comprehensive FS&T budget, including areas of 
increased and reduced emphasis. The budget should be sufficient to serv e 
national priorities and foster a world-class scientiilc and technical enterprise. 

• Departments and agencies make FS&T allocations based on clearly articulated 
criteria that arc congruent witli those used by the Executive Office of the 
President and by Congress. 

• Congress create a process that examines the entire FS&T budget before the total 
federal budget is disaggregated into allocations to appropriations committees and 
subcommittees. 

• llie President ;md Congress ensure tliat the FS&T budget is sufficient to allow the 
United States to achieve pre eminence in a select number of fields and perform at 
a world-cla.ss level in other major fields. 

ITie Executive Branch responded by providing, as part of the President’s budget 
submission, an analysis of tlie FS&T budget that encompasses federal fluids spent 
specifically on scientific and technological research programs, the development and 
maintenance of tlie necessary research infrastructure, and the education and training of 
scientists and engineers. In addition, the White House Office of .Management and Budget 
(OMB) and Office of Science and Technology Policy (OS fP) issue a joint budget 
memorandum that articulates the President's goals for the upcoming budget year to aid 
them in the preparation of agency budgets before submission to OMB. 

.Analysis of this budget reveals trends in the support of scientific and technologic 
research that the broader category of R&D obsewes. For e.xample. in the president’s FV 
2006 budget request, federal R&D would be up l“ci from SOI. 5 billion to S132.3 billion. 
But FS&T would be down 1%, from $61.7 billion to $60.8 billion (see Figures R&D-l 
and R&D-2).' (The director of OSTP has pointed out that it can be misleading to 
compare proposed budgets w ith enacted budgets because the latter can contain funds 
specified by Congress for research projects that were not included in tlic President’s 
budget.^) 

Congress has not yet adopted a process that entails an overall consideration of the 
scientific ;md technological research supported by the federal government.’ 
Subcommittees in both the House and Senate still consider portions of the federal R&D 
budget separately without deliberations or hearings on the broad objectives of S&’f 
spending. At a minimum, the use of a common budget classification code could allow 
Congress more easily to address science and tecluiology programs in a unified manner. 


* Office of Management and Budget. Budget of the United Stales Government, Fiscal Year 2006. 
Washington, DC: US Government Printing Office, 2005. 

* John Marburger. speech to the 20th Annual AAAS Forum on Science and Technology Policy. April 21. 
2005. 

’ Jeff Bingaman, Robert M. Simon, and .Adam L Rosenberg, "Needed A Revitalized National S&T 
Policy". Issues in Science and Technology, Spnng 2004. pp 21-25. 
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C)\crall consideration of the FS&T budget could reiterate the importance of basic 
research and of diversity among research supporters and performers. Kspecially when 
budgets are tiglit. basic research can be displaced by the more immediate needs of applied 
researeh and technologs' development. In fact, less than half of all federal R&D funding 
is allocated for basic and applied research (see Figure R&D-.F). The FS&T budget has 
increased since 2000. but these increases are primarily due to increases in funding of the 
National Institutes of Health (NTH). Non-defense related R&D funding has been stagnant 
in recent years (see Figure R&D-4). Recently, the FS&T budget has been declining since 
the charge to double NIH funding has been completed (sec Figure R&D-5). Recent 
Department of Defense (DOD) budgets ofTer another example — ever the last decade, the 
resources prosided for basic research by the IX)D have declined substantially.* Recent 
trends show that while defense R&D budgets have been increasing overall, the amount of 
resources allocated to science research in IX)D is decreasing (see Figure R&D-6). This 
lack of support for basic research could have major consequences for the development of 
necessarx' future military capabilities. 

Allocating Federal Funds for Science and Technology also recommended that: 

• R&D condueted in federal laboratories foeus on the objeetives of the sponsoring 
ageney and not expand beyond the assigned missions of the laboratories. The size 
and activities of each laboratory should correspond to changes in mission 
requirements. 

• FS&T funding generally faxor academic institutions because of their flexibility 
and inlierent quality eontrol and beeause they link researeh to edueation and 
training in science and engineering. 

• FS&T budget decisions give preference to funding projects and people rather than 
institutions. Tliat appro.ach will increase the flexibility in responding to new 
opportunities and changing conditions. 

• C'ompetitix'c merit review, especially that invoix ing c.xtemal reviewers, be the 
preferred way to make awards, becau.se competition for fimding is vital to 
maintain the higli quality of FS&T programs. 

• Evaluations of R&D programs and of those performing and sponsoring the work 
also ineorporate tlie views of outside evaluators. 

• R&D be well managed and accountable but not micromanaged or hobbled by 
rules and regulations that have little social benefit. 

Diversity cannot be an e.xeuse for mediocrity. People, projects, and institutions 
need to be reviewed to ensure that they are meeting national needs in science and 
technology. Open competition invoixing exaluation of merit by peers is the best-knoxvn 
mechanism to maintain support for the highest-qualitx’ projects and people. Quality also 
can be maintained by knowledgeable program managers xvho have established external 
scientific and technical advisory groups to help assess quality ,'uid to help monitor 
xvhether agency needs are being met. 


* National Research Council. Committee on Department of Defense Basic Research. Assessment of 
Department of Defense Basic Research, Washington. DC: National Academy Press. 2005. 
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Possible actions for the federal government to maintain tlie dix ersity and balance 
of federal funding for science and technology include the following: 

• Create a process in Congress that examines the entire FS&T budget before the 
total federal budget is aggregated into allocations to appropriations committees 
and subcommittees.’ 

• Establish a stronger coordinating and budgeting role for tlie OS'l'P to promote 
cohesion among federal R&D agencies.'" 

• Maintain the diversity of FS&T funding in tenns of sources of funding, 
performers, time horizons, and motivations." 

• Balance funding between basic and applied research and across fields of research 
to stimulate innovative cross-disciplinary thinking.'^ 

• Protect funding for high-risk research by setting aside a portion of the R&D 
budgets of federal agencies for this purpose.” 

• Maintain a favorable economic and regulators' ens ironment for capitalizing on 
research — for example, by asing tax incentives to build stronger partnerships 
among academe, industn,-, and government.''* 

• Encourage industry to boost its support of research conducted in colleges and 
universities from 7“o to 20“o of total academic research over the next 10 years.'* 


.Vehieving .Vdequacy in Federal Science and Technology Funding 

Given the importance of maintaining balance and diversity in the FS&T budget, 
the nexi logical question is. What is the appropriate magnitude of federal support for 
science and technology? 

In 199.1. the Committee on Science. Engineering, and Public Policy of the 
National .Academy of Sciences, the National .Academy of Engineering, and the Institute 


’ Committee on Critena for Federal Support of Research and Development. 1995, 

National Research Council, Board on Science, Technology, and Economic Policy, Trends in Federal 
Support of Research andGradaate Education, Washington. DC: National Academy Press. 2001. 

” National Academy of Sciences. National Academy of Engineenng, Institute of Medicme. Committee on 
Science. Engineering, and Public Policy, Capitalizing on Imvstments in Science and Technology, 
Washington, DC: National Academy ftess, 1999 

“ National Academy of Engmeering, Committee on the Impact of Academic Research on Industrial 
Performance, The Impact cf .Academic Research on Industrial Performance, Washington, DC: National 
Academy Press, 2003 

Council on Competitiveness, Irmovate America: Nahonal Irmovation Initiative and Report, Washington. 
DC: Council on Competitiveness, 2004 

National Academy of Sciences, National Academy of Engineering, Institute of Medicine, Committee on 
Science, Engineering, and Public Policy, Capitalizing on Investments in Science and Teclmology, 
Washington. DC: National Academy I^ess, 1999. 

" National Research Council. Office of Special Projects, Harnessing Science and Technology for 
America 's Economic Future: National and Regional Priorities, Washmgton. DC: National Academy 
Press, 1999. 
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of Medicine established two broad goals to guide federal investments in science and 
technology:'* 

• file I'nitcd States should be among the world leaders in all major areas of 
science. .Vehieving this goal would allow this nation quickls' to apply ;uid extend 
advances in science wherever the>’ occur. 

• Tlie United States should maintain clear leadership in some areas of science. Tlie 
decision to select a field for leadership would be based on national objectives and 
other criteria exlemal to the field of research. 

lliesc goals provide a way of assessing the adequacx’ of federal fimding for 
science and technology. Being world class across fields requires that the United States 
have the funding, infrastructure, and human resources for researchers to work at the 
frontiers of research. Hre eminence in fields relevant to national priorities requires that 
poliexmakers choose specific areas in which to invest additional resources. 

.\n important way of measuring leadership and pre eminence in fields and 
subfields of research is benchmarking of US research elTorts against those in other 
countries. Experiments with benchmarking have demonstrated that data can be gathered 
fairly readily for anabsis.” Benchmarking analyses then can be converted into funding 
guidance that takes into account the activities of other research performers (including 
industry and other countries) and the inherent imcertainties of research. 

Responding to abundant opportunities and national priorities in science and 
technology, the federal govcniment has inerea.sed R&D funding substantially in recent 
years. From 1990 to 2002, inflation-adjusted investment by the federal goxemment in 
academic research went up 66“o.'* Increases in total R&D have been especially dramatic 
in the last few years because of increases for defense w eapons dex elopment. the creation 
of homekand-security R&D programs, and the effort to double the budget of NIH. 

However, as a percentage of GDP, R&D has fallen from 1.25'^o in 1985 to about 
0.75®o today, and a continuation of current trends will cMcnd this decline into tlie future 
(see Figure R&D-7). Compared witli the European Union, the Organisation for 
Economic Co-operation ;uid Deielopment. and Japan, US federal R&D expenditures as a 
share of GDP are declining (see Figure R&D-8). Sweden. Finland. Japan, and Korea all 
invest a larger percentage of their GDP in R&D than the United States (see Figure R&D- 
9). In the president's FV 2006 budget request, most R&D progriuns would drop in real 
terms, and overall e.xpenditures for R&D would fail to keep pace w ith inflation for the 
first time in more tluui a decade.” Funding for all three multiagency R&D initiatives — 


National Academy of Sciences, National .Academy of Engineering, and Institute of Medicine, Committee 
on Science. Engineering, and Public Policy, Science, Technology', and the Federal Government: National 
Goals for a New Era, Washinglon, DC: National Academy Press, 1993. 

‘’National Academy of Sciences. National Academy of Engmeenng. and Institute of Medicine, Committee 
on Science, Engineenng, and Public Policy, Experiments in International Benchmarking of US Research 
Fields, Washinglon, DC: National Academy Press, 2000. 

National Science Board Science and Engineering Indicators 20M (NSB M-OI). Arlingtoa Virginia 
National Science Foundation, 2004 

Amencan Association for the Advancement of Science. AA.4S .■Inalysis of R&D in die FY 2006 Budget, 
VVashingtoa D.C.: AAAS. 2006. 
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Networking and Intbmiation Technology R&D, the National Nanotechnology Initiative, 
and the Climate Change Science Program — would drop in FY 2006, Furthermore, with 
record-breaking budget deficits .and new federal obligations ranging from the war in Iraq 
to the expansion of Niedicare to pay for prescription drugs, prospects for outyear 
increases in R&D are dim. 

Tlie doubling of the NIM budget from 1998 to 2003 implicitly acknowledged that 
the rate of return on additional federal investments in science and technology is ver\ 
high. Similar opportunities exist in the physical sciences, engineering, mathematics, 
computer science, environmental science, and the social and behavioral sciences — fields 
in which federal funding has been essentially fiat for the last 1 5 years (see Figure R&D- 
10). Mieroelectronies, biotechnology, information teclmolog)', systems analysis, 
alternative fuels, robotics, nanotechnology, and many other research areas all have the 
potential to transform entire industries. Even such seemingly esoteric fields as 
cosmology’ and elementary particle physics could rey eal neyv aspects of matter that not 
only could have practical implicatioits but will inspire future generations of scientists, 
engineers, and mathematicians. 

In addition, incrc.'tses in funding of fields outside the biomedical sciences can pay 
dividends by complementing the tremendous advances occurring in molecular biology. 
.Much of the recent progress in the health sciences hits been under|)inncd by earlier 
achievements in mathematics, the physical sciences, iuid engineering. Deciphering the 
human genome, for example, yvas heavily dependent on advancements in robotics and 
computers, nie development of modem imaging machines yvas made possible to a great 
e.xlent by advances in engineering and mathematics. 

Tlie federal govemment could take several steps to ensure that funding for science 
and technology is adequate across fields: 

• Increase the budget for mathematics, the physical sciences, and engineering 
research by 12°o a year for the next 7 years in the researeh aceoimts of the 
IX'partment of Finergy, the National Science Foundation, the National Institute for 
Standards and Technology, and the Depiirtment of Defense.^*’ 

• Return federal R&D funding to at le.a.st 1*^ 6 of the US GDP.^' 

• Minimize eamiarks in seienee and technology funding because tliese types of 
research requests diminish the funding available for competitive merit-revieyved 
research.^^ 

• Provide a tax credit to corporations that fund basic research in science and 
technology .at our nation’s universities. 

• Make the R&D tax credit pennanent to promote private support of R&D, as 
requested by the .Administration in the FY 2006 budget proposal. 


“ Alliance for Science & Technology Research in America, "Basic Research. Investing in America's 
Innovation Future", a presentation for the House Republican High Tech Working Group, March 31, 2004. 

Council on Competitiveness, Imaraie America. Washington. DC: Council on Competitiveness, 2004 
“ Committee on Science. Engmeenng. and Public Policy, 2003. 
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Learning More abont the KrTecIs iif Research 

Innovation has become more important than capital or labor in boosting economic 
productivity, but the course and cITecLs of innovation arc much harder to predict and 
understand. New technologies can spread rapidly througli a society, transfonning 
multiple areas of economic activity and in turn triggering further inno\ ations. fhe prime 
example is infonnation technology, which has had a dramatic and accelerating influence 
on manufacturing, the provision of services, and other economic activities. 

Intensive study of innovation as an engine of economic growth and social change 
in an e.xtremely complex social contexl could provide guidance for policymakers and 
other leaders. For e.xample. is the current federal support of science and technology 
appropriately balanced across fields? What would be the elTects if federal R&D were 
returned to its historical high as a share of GDP? 

.Another important topic for research is the organization of the federal agencies 
that support R&D. New organiztitional models could be explored, pcrfonnance metrics 
developed, and approaches tested. 

Options for the federal govcnimcnt include the following: 

• Support the development of a new interdisciplinary field of quantitative science 
and technology policy studies that could work to predict the cITect of specific 
science and tecluiology projects on the world’s economics and workforces,"^ 

• Support research to examine the organization models of R&D agencies and 
potential changes in practices .and structures. 


“ Marburger, 2005. 
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Achieving Balance and Adequacy 
in Federal Science and Technulog> Funding 
Appendix 1 
Figures and Tables 

Figure R&D-l: Funds for Basic Research Are Declining at Most Federal Research 
Agencies. 

Figure R&l)-2: Funds for Applied Research, as M'eU as for Facilities and 
Kquipinent, Are Declining at Most Federal Research Agencies. 

Figure R&D-3: Less Than Half All Federal Research and Development Funding Is 
AlhK'ated for Science and Research. 

Figure R&D-4: Nondefense-Related R&D Funding Has Been Stagnant In Recent 
Years. 


Figure R&D-5: The Federal Science And Technology (FS&T) Budget Has Increased 
Since 20(NK but These Increases .\re Due Priniaiily to Increases in NTH. The FS&T 
Budget Is Declining Since NTH Budget Doubling Has C'eased. 

Figure R&D-6: Recent Trends in Funding Have Shown That YY hile Defense R&D 
Budgets Have Been Increiising Overall, the Amount of Resources Allocated to 
Science Research in the Department of Defense Is Decreasing. 

Figure R&D-7: Federal R&D Funding as a Share of (tDP Has Been Declining, w hile 
Industry Funding Has Recently Begun to Decrease. 

Figure R&D-8: C ompared with the Furopean ITilon, the OKCT), and .Japan, I S 
R&D Expenditures as a Share of CH)P Are Declining. 

Figure R&D-9: Sweden, Finland, .lapan, and Korea Are Investing a Larger 
Percentage of I'heir GDP in R&D than the I'liited States. 

Figure R&D-IO: Recent Federal Research Funding for All Fields Is Stagnant. 
Although Funding for the Life Sciences Increased C»reatly in the Past, for Many 
Fields the Level of Funding Has Remained Roughly the Same, in C'onstant Dollars, 
for 30 Years. 
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Figure R&D-l: Funds for Basic Research are Declining at Most Federal Research 
Agencies. 
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Figure R&D-2: Funds for Applied Research, as Well as for Facilities and 
Equipment, Are Declining at Most Federal Research Agencies. 



SOURCE: Executive Office of the President. 2005. Budget of the United States Goveniment, Fiscal Year 
2006. Part Two; Analytical Perspectives. Washington. DC; U.S. Government Printing Office, pp. 66*67. 
(httpy/www.gpoaccess.gov/u^udget/fy06/browse.html) 
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Figure R&D-3: Less Than Half All Federal Research and Development Funding Is 
Aliocated for Science and Research. 
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An alternative method of calculating 
technology investment uses the federal 
science and technology (FS&T) budget. It 
encompasses the funds spent specifically 
on research programs, research 
infrastructure, education, and scientific 
training but excludes funds for development 
of technologies. 


Source: National Science Board. Science and Engineering Indicators 2004 (NSB 044)1). Arlington, 
Virginia National Science Foundation. 2004. Figure 4-12. 
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Figure R&D-4: Nondefense^Related R&D Funding Has Been Stagnant in Recent 
Years. 
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Figure R&D-5: The Federal Science And Technologv’ (FS&T) Budget Has 
Increased Since 2000, but These Increases Are Due Primarily’ to Increases in NIH. 
The FS&T Budget Is Declining Since NIH Budget Doubling Has Ceased. 
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Figure K&D-6: Recent Trends in Funding Have Shown That ^^'hile Defense R&D 
Budgets Have Been Increasing Overall, the Amount of Resources Allocated to 
Science Research in the Department of Defense Is I>ecreasing. 
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Figure R&D-7: Federal R&D Funding as a Share of GDP Has Been Declining, while 
Industry’ Funding Has Recently Begun to Decrease. 
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Figure R&D-8: Compared with the European Union, the OECD, and Japan, US 
R&D Expenditures as a Share of GDP Are Declining. 


Figure 1.2. Trends in R&D intensity. 1995*2003 
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Figure R&D-9: Sweden, Finland, Japan, and Korea Are Investing a Larger 
Percentage of Their GDP in R&D than the United States. 

R&D investments: US, Asia-Pacific and EU 
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Figure R&D-IO: Recent Federal Research Funding for All Fields Is Stagnant. 
Although Funding for the Life Sciences Increased Greatly in the Past« for Many 
Fields the Level of Funding Has Remained Roughly the Same, in Constant Dollars, 
for 30 Years. 



Source: American Association for the Advancement of Science. Chart: Trends in Federal Research by 
Discipline: FY 1970’7004" Washington. DC. February. 200S. Avail^le at; 
http : //www.aaas. org/spp/rd/discip04 . pdf 
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Tliis paper summarizes findings and recommendations from a variety 
of recently published reports and papers as input to the deliberations of 
the Committee on Prospering in the Global Economy of the 2 1st 
Centuiy . Statements in this paper should not be seen as the 
eonelusions of the National Academies or the eomniittee. 


The Productivity of Scientific and Technological Research 


Suiiiiiiary 

Innovation the process of converting inventions, ideas, or concepts into 
commercial products or processes — has always been a convoluted process, but today it is 
becoming even more dillicult to understand and predict. Seemingly minor de\ elopnients 
can have major consequences, producing a nonlinearity that defies forecasting. 
Developments in one field can heavily inlluence other fields, creating multidisciplinary 
networks of cause and effect. New ideas can come from anywhere in the production 
process, not just from the basic research that traditionally has been seen as the driver of 
innovation. In such a fluid, interconnected system, policymakers need to create the 
optimal environment for innovation and then stand back and let the system do its job. 

'Hie elTectiveness of scientific and technologic innov ation depends on many 
factors in research organizations, including the management and review of research 
programs, the policies and procedures that apply to those programs, and the broader 
environment and culture of research. Federal options to improve this effectiveness 
include the following: 

The Research Environment and Culture 

• Increase the size and duration of project aw ards so that researchers spend more 
time doing research and less time ensuring that their research is supported. 

• Increase the diversity of the individuals and organizations doing research. 

• Fund risky projects that could dramatically advance an area of research or open 
new research frontiers. 

• Develop a new digital cyberinfrastructure to make the best use of rapidly 
expanding databases and multidisciplinary collaborations. 

• Expand funding for merit-reviewed, cross-disciplinary, collaborative research 
centers. 


RP-1 




482 


Program Management and Review 

• Ensure that federal agencies include research programs in their strategic plans and 
that the>' e\'aluate the success of those programs in performance reports. 

• E\’aluate research in terms of quality, relex ance. ;uid leadership. For basic 
research, include assessments of the hi.storical value of basic research in 
contributing to national goals. 

• Evaluate how well research programs dev elop human resources and the quality, 
relevance, and leadership of tlie programs. 

• Establish a fonnal process to identify and coordinate areas of research that are 
supported by multiple agencies, and designate a lead agency for each such field. 


Administrative Policies and Procedures 

• Develop a new framework for the development of policies, rules, regulations, and 
laws affecting the partnership between the federal government and the institutions 
th.at perfonn research. 

• Raise the cap on reimbursement of indirect costs to rellect the costs to universities 
of conducting research. 

• E.xpand and enliance the Federal Demonstration Project to enroll more institutions 
and heighten the visibility of this important initiative. 


The Research Knviroiiiiieiit and Culture 

Because innovation does not have a single obvious pathway to success, much 
depends on the environment and culture that make innovation possible. Iliese factors 
range widely across social, administrative, and technological dimensions. The social 
factors include such considerations as commitment, collaboration, communication, the 
tre.atment of multiple viewpoints, workplace diversity, and the willingness to take risks. 
.Administrative factors include salaries, benefits, workplace conditions, the availability of 
sabbaticals, and travel funding. Technological factors include technical support, training, 
access to higli-speed computing and communications. inform,ation serv ices, and so on. 

Each of these environmental and cultural dimensions can itself be the subject of 
innovation. This is most obvious with regard to information technologv'. To take just 
one example, a Web site called InnoCentive (vvvvvv.innocentive.com) now allows 
companies to post R&D problems online iuid offer scientists financial rewards for 
.solutions. 

The consequences of innovation extend into the social and administrative spheres. 
For example, increasing the number of women in the biomedical sciences helped focus 
attention on women's health issues, with corresponding increases in research in these 
areas. Similarlv , funding researchers at dilTerent stages in tlieir careers and at different 
types of institutions can expand the range of viewpoints brought to bear on a problem. 
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The federal initiatives that could improve the research environment and culture 
are unlimited. .Among those sugge.sted are the following:' 

• Increase the size and duration of project awards so that researchers spend more 
time doing research and less time ensuring that tlieir research is supported (.see 
Figures RP-1 and RP-2). 

• Increase the diversity of the individuals and organizations doing research. 

• Fund risky projects that could dramatically ads ance an area of research or open 
new research frontiers. 

• Develop a new digital cyberinfrastructure to make the best use of rapidly 
eNpanding databases and multidisciplinaiy eollaborations. 

• Fi.vpand funding for merit-reviewed, cross-disciplinary, collaborative research 
centers. 

• Collect the best practices and attributes of federal agencies and research 
performers and disseminate this infomiation widely. 

• Develop a common electronic grant-application system that combines the best 
features of current systems and can be used by all re.searchers and all federal 
agencies. 

Program Miinagmiciit and Review 

In an era of innovation, the innovation process itself needs to be the subject of 
research and development. Federal policies that influence scientific and technological 
research ;uid the commercialization of that research need to be continualh' re-examined 
and improved. Valuable sources of insight include international comparisons, the results 
of small-scale experiments, lessons from other sectors of the economy, and clear, data- 
based thinking. 

One useful way to improve the effectiveness of research programs is by setting 
goals for tliose programs and then monitoring the ability of programs to achieve those 
goals. Tliis was one of the aims of the 1993 Gov ernment Performance and Results .Act 
(GPR.A), which was designed to encourage greater efficiency, effectiveness, and 
accountability in federal programs and spending. The act required federal agencies to set 
strategic goals for at least a 5-year period and then measure their success annuallv' in 
meeting tliose goals. 

For agencies that support research activities, implementing GPR.A has presented 
many challenges.^ .Applied-research programs, whether conducted by federal agencies or 
private companies, have desired outcomes that are directly related to agenev’ or company 
missions. F.valuating such programs is therefore relatively straightforward. A series of 
milestones that should be achieved by particular times can be established, and periodic 
reporting can indicate progress toward those milestones. 


' National Science and Technology Council, Business Models Subcommittee, "Comments from the 
Request for Information” 

^ National .Academy of Sciences, National Academy of Engineering, and Institute of Medicine, Committee 
on Science, Engineering, and Public Policy, Evaluating Fediral Research Programs: Research and the 
Government Performance and Results Act, ViashingforcDC Nanonal Academy Press, 1999. 
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But the usefulness of new basie research is inlierently unpredictable, niough 
histor>’ abundantly demonstrates the tremendous value of basic research, the practical 
outcomes of such research can seldom be identified while the research is in progress. 
Furthermore, misuse of measurements for basic research could lead to strongly negative 
results. Measuring this research on the basis of short-term relevance, for example, could 
be veiy destructive to quality work. 

For both basic and applied research, there are meaningful measures of quality, 
relevance to agency goals and intended users, and contributions to world leadership in the 
relevant fields. 'Iliese measures can be regularly reported, and they represent a sound 
way to ensiue that the country' is getting a good return on its research investments. A full 
description of an agency's goals and results should contain an evaluation of all research 
activities and their relevance to an agency's mission. 

Evaluating basic research requires sub.stantial scientific or engineering 
knowledge. Evaluating applied research requires, in addition, the ability to recognize its 
potential applicability to practical problems, which typically requires input from potential 
users. Expert re\ iew should be used to assess both basic-research and applied-research 
programs. .A balance must be achieved between having the most know ledgeable and the 
most independent indis iduals serve as reviewers. 

Pluralism is a major strength of the US research enterprise. But better 
communication among agencies would enlianee opportunities for collaboration, keep 
important questions from being overlooked, and reduce inetficient duplication of cITort. 
Identifs ing a single agency to serse as the focal point for particular fields of research 
could bring needed cohesion to the federal research effort. In some cases, it may make 
sense to adopt the model used at the Defense .Advanced Research Projects .Agency 
(D.ARP.A), in which the desired end product or technology is defined before research 
begins, so that research teams can coordinate their efforts to solve the problem. 

To improve the etfectiveness of federal research and development programs, the 
federal government could: 

• Ensure tliat federal agencies include research programs in their strategic plans and 
that the\' evaluate the success of those programs in performance reports.^ 

• Evaluate research in terms of quality, relevance, and leadership. For basic 
research, include assessments of the hi.storical value of basic research in 
contributing to national goals. 

• Evaluiite how well research programs develop humtm resources and the quality, 
relevance, and leadership of the programs. If federal research activities do not 
continue to produce a flow of well-educated scientists and engineers, the 
capability of an agency to fulfill its mission w ill be compromised and the 
know ledge learned and technology developed w ill be lost. 

• Establish a formal process to identify lutd coordinate areas of research that are 
supported by multiple agencies. A lead agency should be identified for each such 
field, and that agency should be responsible for ensuring that coordination occurs 
among the agencies. 


’ Ibid 
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• ln\ esligate and experiment with innovative ways of managing researeh. such as 
establishment of long-term research goals, very Hat management structures, 
multidisciplinary teams, and a focus on technology transfer (these are some of the 
approaches that have met with considerable success at O.VRPA).^ 


.Vdiiiinistralis e Policies and Practices 

The performers of research sponsored by the federal government operate under an 
increasing number and variety of administrative requirements, lixamples include rules 
for human subjects, animal welfare, conflicts of interest, costing and administration, 
agency-specific requirements, and indirect costs. While each rule has its own history and 
justifications, the combination of often porrriy coordinated requirements imposes a 
significant biuden on research performers. 

Two publications from the OITice of Management and Budget (OMB) — Circular 
.A-21, Cost Principles for F.diicalional Institutions, and Circular .A-1 10. Uniform 
Admmistruitve Reomrenienls for Grams and Olhei Agreements with Inslitttliom of 
Higher Education. Hospitals, and Olher Xon-Prof 'il Organizations form the framew ork 
for current eost and administrative regulations. Both are in need of revision. In 1999, the 
National Science and Technology Council (NSTC) released a report titled Renewing the 
Eederal Got’ernment-University Research Partnership for the 21st Century, which laid 
out a set of guiding principles to provide a framew ork for tlie development of new 
policies, rules, regulations, and laws. These principles could be used to define acceptable 
standards for the conduct of research that could identify areas of deficiency and foster an 
appropriate balance between compliance with regulations and administrative fiexibility. 

.A particularly contentious issue for college and university researcher performers 
has been the 26'’o cap on reimbursement of administrative costs imposed by the federal 
government in 1991. Currently, about a quarter of federal funds spent on research at 
universities reimburses indirect costs. Ihe two major components of indirect costs are 
for the construction, maintenance, and operation of facilities used for research and for 
supporting administrative expenses, such as financial management, institutional review 
boards, and environment, health, and safety management. 

.As the administrative demands on universities have increased, these institutions 
have had to pay for an increasing percentage of indirect costs that are not covered under 
the 26*0 cap. As a result, universities have had to shift funds to cover administrative 
costs from other sources, including tuition, endowments, or state appropriations. 
Eventually, this cost shifting w ill be detrimental to the health of these institutions, 
resulting either in less research, higher tuitions, or reduced serv ices to students. 

.A more llexible and responsive relationship between federal agencies and 
universities could help control the administrative costs of research. In 1986. the program 
now known as the Federal Demonstration Partnership (FDP) was established to examine. 


* LawTcncc H Dubois. “DARPA's Approach to Innovation and Its Reflection in Industry”, pp 37-48 m 
Reducing the Time from Basic Research to Innovation in the Chemical Sciences: A ll’orkshop Report to the 
Chemical Sciences Roundtable. Washmgton, DC: National Academy Press, 2003 
’ Office of Science and Technology Policy, Analysis of Facilities and.idministrative Costs at Universities, 
Washington. DC: Executive Office of the President, 2000. 
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streamline, and reduce the burdens of grant administration. Tlie goals of the FDP are to 
standardize terms and conditions across federal agencies. simplif\’ the prior-approval 
proce.ss. and streamline award distribution — for example, the FDP is doing a long-term 
study of institutional burdens related to the OMB circulars. F,.\tending the FDP to 
colleges with less involvement in federal research awards would help disseminate best 
practices among federal agencies and institutions of higher education. 

•Among the actions the federal government could take to reduce the administrative 
burden on the perfomiers of research are the follow ing: 

• Use the “Principles of the Federal Partnership with Universities in Research” 
de\ eloped by the NSTC to provide a framework for the development of new 
policies, rules, regulations, and laws affecting the government-university 
partnership. 

• Raise the cap on reimbursement of indirect co.sts to reflect the costs to universities 
of conducting research. 

• Expand and enhance the FDP to enroll more institutions and heighten the 
visibility of this important initiative. 

• Streamline and align the grant-administration process across agencies to the 
e.xtent that is consistent with agency needs: all agencies should use uniform terms 
and conditions for all research and research-related project grants. 
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The Productiv ity of Scientific and Tecluiological Research 
Appendix KP 1 
Figures and Tables 


RP-1: The Average Length of an NSF Research Grant Has Increased Recently but 
Is Still Less Than 3 ^'ears. 

RP-2: NSF Reached Its Average Annuali/ed Award Size (Joal for 20(14, hut It Is 
Only S140,000 per Year. 
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Figure RP-1: The Average Length of an NSF Research Grant Has Increased 
Recently but Is Still Less Than 3 Years. 

The Average Duration of Awards 
for Research Grants will be 3.0 Years. 


□ Goal □ Result 



Source: Nitfional Science Foundation. FY2004 Perfonmnce and Accountability Report. Arlington, 
Virginia: National Science Foundation. 2004. 
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Figure RP-2; NSF Reached Its Average Annualized Award Size Goal for 200-<, but 
It Is Only $140,000 per Year. 

NSF will Increase the Average Annualized Award Size 
for Research Grants to $139,000. 


□ Goal □ Result 



Source: Nalional Science Foundalion. FY2004 Performance andAccountability Report. Arlington. 
Virginia: National Science Foundation. 2004. 
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This paper summarizes findings and recommendations from a variety of 
recently published reports and papers as input to the deliberations of the 
Committee on Prospering in the Global Kconomy of the 2 1st Centun-. 
Statements in this paper should not be seen as the conclusions of the National 
Academies or the committee. 


Investing; in High-Risk and Breakthrough Research 


Sumniars 

If processes for awarding research grants are too risk-averse, innovali\'e research projects 
that could lead to future breakthroughs in science and technology ma> never be funded. To avoid 
over-cautious R&D funding, recent reports and new programs have focused on three critical areas: 
adequate funding for basic, discovers -oriented research; independent research funding for young 
investigators; and funding for individuals who propose visionars' research. 

.Among llie federal actions that have been proposed to encourage high-risk research are the 
following: 

• Reallocate 3® o of all federal-agency R&D budgets toward grants that invest in novel, high- 
risk. and e.\plorator> research. 

• Establish a program at the National Institutes of Health (NIH) to promote the conduct of 
innovative research by scientists transitioning into their first independent positions. 

• Within NIH. continue to e.vpiore programs, such as the Pioneer Awards, to increase funding 
for high-risk, high-benefit biomedical research. 

Suppoil Iligh-Kisk Research 

Besides favoring older investigators, the current peer-review sv'stem can tend to drive aw ard 
decisions toward conservative research that is based on precedent and is consensus-oriented. .As a 
result, public funding for research can gradually shifi from investments in bold, transformational 
discoverv’ to much more incremental research. 

Hie Council on Competitiveness proposes in tlie 2004 report Innovate America: Thriving in 
a World of Challenge and Change that the nature of discoverv-focused research creates a need for 
government support. However, federal research support since the Cold War has become more 
conservative, focusing on short-tenn. incremental, low-risk goals. Outside the gov eminent. Uie 
council believ’es that risk-based investments are also needed to promote innovation. Inv'estors tend 
to focus on short-term profits and are unwilling to accept the risks tliat come with investing in a 
long-temi research project (see Figure HRR-1).* 'fhe report recommends the following: 


’ Council on Competitiveness. Inncn-ate America: Thriving in a World of Challenge andChange, Washington. DC: 
Council on Competitiveness, 2004. 
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• Reallocate 3®o of all federal-agency R&D budgets toward grants that invest in novel, high- 
risk. and e\plorator\' research. 

• Provide a 25*^o tax credit for early-stage investments of at least $50,000 through qualitled 
angel funds. ^ 

In the Tnited States. NIIl has. tlirough its Roadmap initiative, also begun to seed more 
innovative, high-risk research. ‘**I1ie past two decades have brought tremendous scientific advances 
that can greatly bcnent medical research.*' the Roadmap argues. ‘‘While progress will continue into 
the foreseeable future, human health and well-being would benefit from accelerating the current pace 
of discovers-. One way to achieve this goal is to support scientists of exceptional creativity who 
propose highly innovative approaches to major contemporary challenges in biomedical research. 

NIIl has traditionally supported research projects, not indiN'idual investigators. However, 
complementary means might be necessar\- to identify scientists with ideas that have the potential for 
high impact, but that may be too novel, span too diverse a range of disciplines, or be at a stage too 
early to fare w ell in the peer review process.” .As part of this initiative. NIH has created the NIH 
Director's Pioneer .Awards ‘lo encourage creative. ouLside-tlie-box thinkers to pursue exciting and 
innovative ideas about biomedical research.” Hie first Pioneer .Awards were granted in 2004.' 

To revitalize frontier research capable of pro\'iding breakthroughs, the federal government 

could 


• Within NTH. continue to explore programs, such as the Pioneer .Awards, to increase funding 
for high-risk, high-lx;netll biomedical research. 

'Hie National Science Board, at the National Science Foundation (NSF). is also discussing 
this i.ssue. In 2004. an ad hoc Task Group on Higii-Risk Research was formed, which recommended 
that a formal Task Force on I'ransformative Research be established under the Committee on 
Programs and Plans. .Additionally, the ad hoc Ta.sk Group noted that there is no formal definition of 
“high-risk” or “transfomiative” research, so there is no way to adequately detennine how much 
support NSF is providing to such projects, but there are several rea.sons to begin doing so. The 
formal committee is researching these and other questions, and a report is expected w ithin 2 years. ^ 
'Hie Kuropean Commi.ssion (EC), meanwhile, has focased part of its R&D funding on 
seeding high-risk research. Under its Si.xth Framework Programme (FP6). the EC has established a 
New and Emerging Science and Technology (NEST) program at f 2 1 5 million to “support 
unconventional and visionary research w ith the potential to open new fields for European science 
and technology. a.s well as research on potential problems uncovered by science.”' 


^ Council on Compclrtiveness. 2004 

^ National Institutes of Health. NIH Roadmap. “High Risk Research.” 2005 Sec 
http //nihroadmap nih go\’ highrisk 

* National Science Board Committee on lAognims and Plans. Charge to the Task Force on Transformative 
Research Available at. http '%ww nsf gov/nsb committeeS'Cpptrcharge htm 

’ European Commission. Enterprise and Industry Directorate-General “New and Emerging Science and Technology 
(NEST) Programme.*' 2005 Available at http -www cordis lu neslhome himl 
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Foster lnno\atiun through ^’oung Investigators 

While peer review provides a high-integrity process sheltered from political forces, evidence 
suggests that it tends to favor both established investigators and investigators, new or continuing, 
who build on established research lines.^ .As a result, young investigators have difllculty 
establishing themselves as independent researchers, w hich can have a variety of negative 
consequences for establishing careers, ensuring an adequate research workforce, and bringing fresh 
insights and ideas to the research enterprise. Indeed, recent research indicates that the age at which 
great innovations are produced has increased by about 6 years over the 20th centurv. and the loss of 
productivity at earlier ages is not compensated for by increased productivity after early middle age’ 
(see Figure HRR-2). Ilie risk is that competence and productivity can be honored to the point where 
they become the “enemies of greatness’*. 

'l”he cuirent system tends to emphasize the number of papers published and can overlook 
w hether important problems are being tackled. ISecause requests for grant funds from new' 
investigators are evaluated on the basis of “preliminarv' results”, most ftmded research becomes 
constrained to well-worn research paths, which for new investigators often means the research they 
previously pursued when they were postdoctoral fellows in established laboratories. In short. 
innoN ation can become the victim of a system that has become too risk-averse. 

Ikcause of the diniculties facing new investigators, the median age at which investigators 
receive their first research grant from NIIl. for e.xample. had crept up to 42 years in 2002. This 
raises the concern that new investigators are being driven to pursue more conservative research 
projects instead of higli-risk. high^reward research that can significantly advance science. .Also, 
young investigators can end up focusing much of their attention on others’ research, forfeiting the 
special creativity that they may bring to their own work (sec Figure HRR-3).* 

The same consideratioas applv to work funded by the IX'partmenl of IX'fense (DOD). TIte 
need for new discoveries and innovation argues for substantial involvement of university 
researchers. Yet some younger university researchers in the expanded fields of interest to tlie IX)D 
are discouraged by difficulty in acquiring research support from the department.^ 

To address these needs, the federal government could; 

• tlstabiish a program at NTM to promote the conduct of innovative research by scientists 

transitioning into their first independent positions. These research grants would replace the 
existing collection of K22 awards and would provide sufficient funding and resources for 
promising scientists to initiate independent research programs and allow for increa.sed risk- 
taking during the final phase of these elToits. 'fhe program should make 200 grants annually 
of $5CX).000 each, payable over 5 years. Each award would provide funding for 2 years of 
postdoctoral training support while the awardee develops an independent re.search program 
and 3 years of support as a fully independent researcher.*® 


* Nati<xial Research Council Bne^es to /nt4?/vndt?«tv: FosUring die Independence <^New Investigators m 
Biomedical Research, Washington. National Academies Press. 2005 

^Benjamin Jones 2005. Age and Great Innovation (Wotkiri^ paper 11359). Cambridge. MA National Bureau of 
Econcwnic Research Available at http7/^vwwnbeTorg pQpers''w 11359, 

* Naticmal Research Council Blitzes to Independence: Fostering the Independence <^New Investigators m 
Biomedical Research. Washington. DC Nationel Academies lAess. 2005 

* NatKMial Research Council Assessment of Department of Defense Basic Research. Washington. DC National 
Academies Press. 2005. 

National Research Council Bruges to Independence. 2005. 
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Establish aiid implement uniformly across all the NIH institutes a New Investigator ROl 
grant. Tlie “preliminary results*’ section of the application should be replaced with “previous 
e.Kperience” to be appropriate for new investigators and to encourage higher-risk proposals or 
scientists branching out into new areas. This award should include a full budget and have a 
5-ycar term. NTH should track New Investigator ROl awardees in a unifonn manner, 
including their success on future ROl applications. 

Encourage, tlirougii IX)D funding and policies for university research, participation by 
younger researchers as principal investigators.*^ 


" Ibid 

National Research Council Assessment of Departmunt c^Def<insii Basic Research, 2005 
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Investing in High-Kisk ;inil Breakthrough Research 
Appendix lIRR 1 
Figures and Tables 


Table ofC ontents 

lIRR'l: There Is a (»rmving (»ap in Axailable Risk Capital for KntrepiTneurs to I'se in 
Woridng on New Ideas and Innovations. 

Figure' IIRR2A: Innoxation \Mndow Is Becoming ( ompressefl. Mon' People Seek Fducation 
to Keep Abreast of New Kinm Inlge, Delaying the Onset of Productivity. 

Figure IIRR2B; But Delaxed Onset of liinoxation Is Not Compensated for by Increasi'd 
Lifetime Productivity. 

Figure IIRR'3A: Number of ^'oung (<35 Years Old) Investigators Receiving Federal Funding 
Is Decreasing. 

Figure' IIRR-3B: While the Success Rate for Receixing an NTH (irant Is Ilighi'st Anunig 
^'oung Researchers, the Number of Young Researchers Applying for NTH Grants Has 
Deert'ased Dramatically in Recent \'ears. 

Figure HRR-K': Success Rates and Proportion of \ oung Investigators Applying for (irants 
Are Higher at NSF, Which Has CARKF^R— A Special (>rants Program for Karly-Career 
Researchers, as M ell as Specifle Program (Guidance and Portfolio Balance Measures. 
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Figure HRR-l: There Is a Growing Gap in Available Risk Capital for Entrepreneurs to Use in 
Working on New Ideas and Innovations. 

Funding Gap in Risk Capital 

Funilef/Staqe Pre-Seed Seed Start-Up/Eaity Mid later 
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Source; Council on Competitiveness. Innovate America: Thriving in a Worid of Challenge and Change. Washington. 
DC: Council on Competitiveness, 2004. Figure 6, p 36. 
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Figure HRR2A: Innovation Window Is Becoming Compressed. More People Seek Education 
to Keep Abreast of New Knowledge, Delaying the Onset of Productivity. 


Figure 1 : The Age Distribution of Great Innovation 



Figure 2: Shifts in the Age Distribution of Great Innovation 



- Before 1935 193S-1965 

. After 1965 


Source: Benjamin Jones. Age and Oreat Innovation. NBER Working paper 11359, Cambridge. MA: National 
Bure»j of Economic Research. 2005 Available at http://vvww.nber.org/papers/wT 1359. 
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Figure HRR2B: But Delayed Onset of Innovation Is Not Compensated for by Increased 
Lifetime Productivity. 


Figure 7; Maximiuu Likelihood Estimates for the Potential to Produce 
Great Innovations as a Function of Age 



Source: Benjamin Jouts-Ageand Oreat Innovation. NBER Working paper 11359, Cambridge, MA: National 
Bureau of Economic Research. 2005 Available at http://w\vw.nber.org/papersAvl 1359. 
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Figure HRR-3A: Number of Young (<35 Years Old) In>estigators Receiving Federal Funding 
Is Decreasing. 
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Source; Paula Stephan. Preseniaiion at Bridges to Irtdependence Workshop Board on Life Sciences. The 
Ntf ional Academies. June 16. 2004. A\'ailable at: hitp:/.‘dels.nas.edu14s/l>ii(^es/Siephan.pdf. Dtfa are 
drawn from National Scicrtce PourKlaiion's Sur%'ey of Doctorate Recipents. 
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Figure IIRR-3B: While Uie Success Rule for Receiving an XI!] Grant Is Highest Among 
Young Researchers, the Number of Young Researchers Applying for Nil ! Grants Has 
Decreased Dramatically in Recent Years. 

Success rate of competing nen ROl and R29 grant application by age of principal investigator. 
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Figure 11RR-3C: Success Rates and Proportion of Young Investigators Applying for 
Grants Are Higher at NSF, \\'hich Has C.AREER— A Special Grants Program for Early- 
Career Researchers, as \\'ell as Specific Program Guidance and Portfolio Balance 
Measures. 
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Iliis paper summarizes findings and recommendations from a variety 
of recently published reports and papers as input to tlie deliberations of 
the Committee on Prospering in the Global Economy of the 21st 
Century . Statements in this paper should not be seen as the 
conclusions of the National Academies or the committee. 


En-suring That the United States Is at the Forefront 
in Critical Fields of Science and Technology 


.Summary 

.As concerns over the declining competitiveness of some US industries emerged in 
the 1980s, policies and programs were put into place with tlie goal of enabling new 
ideas particularly those created through federal support to be commercialized more 
quickly. 

These policies and programs have taken a number of forms. Tliey have included 
support for R&I9 partnerships among companies and between industry and government, 
support for R&D activities in small companies, programs to support academic research in 
areas of interest to industry, policies to encourage commercialization of in\ cntions made 
by federal laboratories and those made by academic researchers w ith federal support, 
initiatives to coordinate federal R&l) in areas of interest to several agencies, and the 
creation of private-sector advisory committees concerned w ith the future international 
competitiveness of particular industries. 

Some of these programs have attracted controversy. For e.sample. the .Advanced 
Technology Program (.ATP), having survived several attempts to eliminate it. was not 
appropriated funds for new aw ards in FY 2005. ' Others have continued and expanded or 
have made a variety of transitions for example, from government-supported to privately 
funded. 

Federal actions that have been proposed include the following: 


New Policies and Initiatives 

• C'reate interdi.sciplinary discovery-innovation institutes to bring together research, 
education, and practice around the solution of major societal problems. 

• Create a program of “Innovation .Acceleration"’ grants to stimulate high-risk 
research through a set aside of 3 “ b of agency R&D budgets. 

• Create a National Institute of Innovation to provide \ enture capital for innovative 
startups. 

• Expiuid industry-led roadmaps for R&D priorities. 


' See the ATP Web site's “Update for 2005". www atpnist gov/atp'05coniphtni 
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• launch a large new initiative to develop the computational science base and the 
necessary' broad infrastructure (such as networks) and domain-specific tools for 
research and education enabled by information technology across the various 
fields of science, engineering, and medicine. 

• Establish centers for production e.veellcnce and Innovation Extension Centers to 
improve the capabilities of small and medium-sized enterprises. 


Modifications of Existing Policies and Programs 

• Make improvements to the Small Business Innovation Research program, 
including bridges between phase 1 and phase 11 funding, increased phase II 
funding relative to phase I funding, and regular assessments across agencies. 

• Restore .VfP funding including die ability to support new .awards to die 
average level of recent years. 

• Make improvements in .ATP, including streamlining the application process and 
widening the window for funding, better integrating .ATP w ith other programs, 
and focusing some funding in thematic areas. 

• Have such agencies as the Securities and Exchange Commission, the Federal 
Communications Commission, and the Intenial Revenue Service consider 
launching industry-university collaborative research centers to benefit the services 
industries. 

• Re-examine and amend the Bayh-Dole .Act to encourage collaboration among 
university licensing offices, thereby promoting economic development. 


I'he Krdrral Ctovoninirnt us \'rnluro Capitalist 

Ilic Small Business Innovation Research (SBIR) .and Small Business Technology 
Transfer (SITR) programs have sought to encourage the innovative activities of small 
businesses. SBIR was established in 1982 and sets aside 2.5 “ b of the exlramural R&D 
budgets of the largest federal science agencies for funding R&D by small businesses; it 
currently runs at over $1 billion per year.^ Table EL-1 shows the overall trend. SBIR 
encompasses three phases: feasibility, development, and commercialization. SBIR has 
been review ed and evaluated a number of times over the course of its existence.’ The 
National Research Council is currently undertaking a new assessment of the program.'* 

STlTt was established in 1992 to encourage small businesses to piirtner w ith 
research institutions in R&D ;uid commercialization.’ 


* National Research Council, SBIR: Program Diversity and Assessment Challenges, Report of a 
Symposium. Washington. DC National Academies Press. 2004 

’ National Research Council. SBIR: An Assessment of the Department of Defense 's Fait Track Initiative. 
Washington, DC: National Academy Press. 2000 National Research Council. SBIR: Challenges and 
Opportunities, Washington. DC National Academy Pre.ss. 1999 

* National Research Council. .An .Assessment of the Small Busmess Innovation Research Program: Project 
Methodology, Washington. DC: National Academies Press, 2004, 

* US General Accountmg Office. Xontributions to and Results of the Small Business Technology Transfer 
Program", statement by Jim Wells (GAO-01-867T). Washington. DC: GAO, 2001. 
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Allliough there has been debate over the years about the impaeLs of these 
programs and the appropriate evaluation metrics, past assessments have been positive 
overall. Political support also has been very strong, with a number of teclmical changes 
having been recommended and enacted over the years. 

Possible federal actions to improve and extend these programs include the 
following: 

• Bridge the funding gap between phase 1 and phase II awards provided by the 
SBIR program.* 

• Increase tlie number of phase II SBIR awards at the e.xpense of phase I awards,^ 

• Regularly a.ssess SBIR program results and compare with the Department of 
Defense (DOD) Fast Track results, and assess the costs and benefits of better 
integrating SBIR awards in the development of “clusters” around universities and 
technology parks.® 

• Create a National Institute of Innovation that would provide venture capital for 
innovative startup companies to smooth the peaks and valleys of private-sector 
venture-capital flows.’ A similar idea, called the Civilian Technology 
Corporation, was proposed by a National .Academies committee some years ago.” 


The .Vdvanced Technology Program and Other Consortia 

Partly as a response to Japan's success in benefiting from industrial consortia in 
such areas as steel and semiconductors. Congress passed the National Cooperative 
Research .Act in 1984. lliis legislation limited potential antitrust liabilities in order to 
encourage corporate R&D consortia. 

With the launch of SEM.ATECH in 1987, the US government moved to actual 
financial support for collaborative industrial R&D. SEM.ATECH was founded as a 
partnership between US semieonductor companies and the DOD. In the succeeding 
years, as the US semiconductor industry regained competitive strength, the federal 
contribution to SEM.ATECH was gradually reduced and then eliminated.'' Tlie 
consortium, now named Inteniational SEM.ATECH. includes countries based in Europe. 
Korea, and Taiwan in addition to those based in the United States. 

.ATP was established in 1988 as a program of the National Institute of Standards 
and Technology (NIST). .ATP supports collaborative research among companies. Tlie 
program has operated at a level of $150 million to $200 million per year in recent years. 


* National Research Council. The Small Business Innovation Research Program: Challenges and 
Opportunities, Washington. DC: National Academy Press. 1999 

Ubid 

* National Research Council. 2000. 

’ Kent Hughes. “Facing the Global Competitiveness Challenge". Issues in Science and Technology 
2I(Summer 2005). 

National Academy of Sciences, National Academy of Engineering, Institute of Medicine, The 
Government Role in Civilian Technology, Washii^ton. DC.: National Academy Press, 1992. 

*' National Research Council Securing the Future: Regional and National Programs to Support the 
Semiconductor Industry. Washington. DC: National .Academies Press. 2003 See also the "History" page 
on the International SEMATECH web site, www sematcch org'corporate/history.htm 
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As mentioned above, the FV 2005 budget ineluded funds to eontinue existing projeets but 
no money to fund new proposals. Figure EL-2 shows how .ATP funding has fluetuated 
over the years. .ATP also supports an exiensive program of evaluation and researeh. 
whieh has supported work at the National .Aeademies and the National Bureau of 
Eeonomie Researeh.'^ 

Possible federal aetions to derive advantage from govemment-industn, 
partnerships and industrial eonsortia inelude the following: 

• Create “Innot ation .Acceleration” grants to stimulate high-risk research.'* These 
grants w ould be supported througli a set aside of .3 of agency R&D budgets. 

• Restore the support of .A'fP and its abilitx’ to fund new projects to the level of 
recent years. 

• Streamline and shorten the .AIT application process and timeline.'* 

• Give applications from single companies parits’ w ith those from Joint ventures or 
consortia.** 

• E.xtend tlie window for .ATP award applications, accelerate the decision-making 
process for awards, and extend Ute period in which awards can be made.'* 

• Retain the debriefing process for unsuccessful .ATP applicants.'* 

• Concentrate a significant portion of .ATP aw ards in selected thematic areas.'* 

• Coordinate .ATP with SBIR and national initiatives.'* 

• Establish a regular outreach program within NIST to coordinate .ATP awards witli 
matching grants by states.** 

• Pass legislation that would allow industries to form self-organizing investment 
boards that would raise funds through a ‘lax” on sales of their products in order to 
support R&D on common problems.*' 


I'niversity-Biiscd Centers 

Federally supported university-based centers constitute a category of programs 
that support collaborative (usually interdisciplin.'uy) research between unis ersities and 


See the ATP web site, www.alp.nist gov/faclsheets/l-a-l hlm 

Council on Competitiveness, Innovau America: National innovatiem Initiative anti Report. Washington. 
DC; Council on Competitiveness, 2004, 

National Research Council, The .Advanced Technology Program: Challenges and Opportunities. 
Washingtcn. DC: National Academies Press. 1999. 

” Ibid 

“National Research Council. The Advanced Technology Program: Assessing Outcomes. Washington. DC: 

National Academies Press, 2001 

” Ibid 

'• Ibid 

“ Ibid 

“Ibid 

Paul Romer, “Implementing a National Technology Strategy with SelfOrganizing Industrv' Investment 
Boards." pp 345-399 m Martin Neil Baily, Peter C. Reiss, and Clifford W'inston (cds,), Brookings Papers 
on Economic Activity: Microeconomics 0). Washington, DC. Brookings Institution, 1993, 


EI.-4 




507 


industries, nicse include such programs as the lingincering Research Centers (ERCs). 
Science and Teclmologv’ Centers (STCs). and Industr>'-University Cooperative Research 
Centers (I/L'CRCs) of the National Science Foundation (NSF). Other agencies, such as 
the Department of Transportation and the Department of Energ>' (DOE), also support 
university-based centers. These programs are generally awarded on a continuing basis 
with renewal reviews at fi.xed periods. NSF support for individual STCs phases out after 
1 1 years, while other center programs are funded longer. I,everaged support from 
industiy is generally required, the level of w hich varies by program. 

Tbe NSF elTorts have the longest track record. For e.xample, the ERCs program 
was established in 1985.^^ 'llie program itself is occasionally evaluated internally and by 
an external contractor using surveys, bibliomctric analysis, and other methods.^^ 'ITicsc 
cvahuitions generally show that a large percentage of industry participants derive benefits 
from participation, including know ledge transfer and the ability to hire students, .-kt the 
time when the STCs program was being considered for renewal, a National .Academies 
eommittee recommended that the program continue."^ Figure EL-3 shows how the 
various NSF centers programs fit into the overall funding picture. 

Options for federal action include the following: 

• Establish a new, large, multiagency centers program. In a preliminary report 
released for public comment earlier this year, a eommittee of the National 
•Academy of Engineering proposed to create a program of interdisciplinary 
discovery-innovation institutes on research-university campuses. The institutes 
would bring together research, education, and practice around the solution of 
major societal problems.^* Multiagency federal support for the institutes would 
build to several billion dollars per year, to be supplemented by support from 
industry , states, and nonprofits. 

• Establish centers in agencies that have not supported centers in the past. Federal 
mission and regulatory agencies w ith primary responsibility for the serx iccs 
industries — such as the Securities ;md Exchange Commission, the Internal 
Revenue Service, the Federal Communications Commission, and the Department 
of Health and Human Services (DHHS) — should consider funding academic 
research in ways that encourage greater participation by the services industries.^*’ 


“ Linda Parker. The Engineering Research Centers (ERC) Program: An Assessment of Benefits and 
Outcomes, Arlington, Va,: National Science Foundation, 1997. 

(www.nsf.gov/pubs/ 1 998/nsl9840.:ns(9840. htm). 

^ J. David Roessner, ITavid C'hcney, and H.R. Coward, Impact of Industry Interactions with Engineering 
Research Centers- Repeat Stiufy', SRJ International, 2004. 

^ National Academy of Sciences, National Academy of Engineering, Institute of Medicine, An Assessment 
of the National Science Foundation 's Science and Technology^ Centers Program, Washington, DC: 
National Academy Press, 1996. 

” National Academy of Engineering, Assessing the Capacity of the US Research Enterprise (preliminary 
report for public comment/, Washington, DC: National Academies Press, 2005. 

“ National Academy of Engineering, The Impact of Academic Research on Industrial Performance, 
Washington, DC: National Academies Press, 2003. 
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C'oilaboraln e Research and Development Agreements 

Another mechanism for govemment-industrv’ collaboration is a collaborative and 
dexelopment agreement (CRADA), 'Ilie Stevenson-Wydler Teclmology Innovation Act 
of 1986 allowed federal laboratories to enter into CRAlJ.As with private companies, llie 
legislation has been amended several times and covers most agencies.Hie National 
•Aeronautics and Space .Administration has a separate authority under the 1958 Space .Act 
and the 1989 National Space Policy.^’ 

As of FY 2001, there were 3,603 active CR.AD.As, 80 “o of w hich involved the 
IX)1), DOE. or D1111S.“ 

CR.AD.As can range from focused collaboration on a specific tecltnology to large 
programs, such as FrecdomC.AR. a successor to the Partnership for a New Generation of 
Vehicles (PNG\') CR.AD.A between the IX3E and the big three automakers.^’ PNGV was 
reviewed by a standing National .Academies committee.™ .Although the research made 
impressive teclmological progress, only w ith the recent rapid rise in gasoline prices are 
advanced technologies for high-fuel-economy vehicles becoming a competitive factor in 
the marketplace. 


The Bayh-Dole .Vet 

The Bav'h-Dole .Act of 1980. which allowed universities to own and license 
patents of university inventions (even inventions supported by federal funds), ushered in 
an e.vpiosion of university patenting and licensing activity.” Tliere is broad recognition 
that Bayh-lX)le has encouraged a variety of luiiversity-induslrv- collaborations and small- 
finn startups. Figures E1.-4 and EE-5 show how industry support for university research 
and university licensing income has gone up. fliere has been continuing research and 
debate on the ultimate impacts.’’ 

Calls to amend or rethink 13ayh-Dolc have come from several quarters in recent 
years. Some companies and universities have found it dilTicult to work out tlie 
intellectual-property aspects of collaboration.” There also have been cases in w hich 


^’NASA. Space AcI Manual, Washington, DC: NASA, 1998 Available al nodis3 gsfc nasa gov/1050- 
1 html 

“ National Science Board, Science and Engineering Indicators 2004, Arlington, VA: NaUonal Science 
Foundation, 2004. See summaiy points for Chapter 4 at www,nsfgov/sbe/srs/seind04/c4/c4h htm) 

® US General Accounting Office. “Lessons Learned from Previous Research could Benefit FreedoraCAR 
Initiative”, statement of Jim Wells (GAO-02-810T). Washington, DC: GAO, 2002. 

* National Research Council, Review of the Research Program of the Partnership for a Slew Generation of 
Vehicles, Washington. DC National Academies Press. 2001 

” Council on Government Relations, The Bayh-Dole Act: A Guide to the Law and Implementing 
Regulations, Washington, DC: CGR, 1999. Avialable at wwve ucop edu'ott/bayh html) 

David C. Mowery and Arvids A Ziedonis, “Numbers, Quality and Entry How Has the Bayh-Dole Act 
Affected US University Patenting and Licensing?" in Adam B. Jaffe, Josh Lerner, and Scott Stem (eds.). 
Innovation Policy and the Econont}-, Volume I, Cambridge, MA : The MIT Press, 2001 
” Susan Butts and Robert Killoran. "Industry-Univeisity Research in Our Times: A White Paper,” 2003 
Available al: htlp://www7 nalionalacademies orgguirr/IP_background html) 
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university intellectual-propcrlN rights might have impeded the flow of a superior medical 
treatment to the market, to the detriment of public health.^ 

Possible options for federal action include the following; 

• Evaluate and amend the Bayh-Dole Act to promote collaborations between 

university technology-transfer offices, local community colleges, local economic- 
development planning agencies, federal laboratories, select managers of venture 
funds, and industr\ leaders. This would respond to the increasing pressure on 
university technology-transfer specialists to become stewards of their regional 
economic development. Cooperative Economic Development Agreements 
(CED.As)can accomplish this goal.^^ 


( omniissions and Councils on Specific Industries and Technologies 

Over the years, a number of national advisor^' bodies have been set up to develop 
policy ideas and recommendations afiecting specific industries. These bt)dies have 
sometimes taken on science and engineering issues as a central part of their work. The 
National Advisor\' Committee on Semiconductors, which operated in the late 1980s and 
early 1990s. is one example. A more recent example is the Commission on the future of 
the United States .Aerospace Induslrs.^^ .A followup elTort. the National .Aerospace 
Initiative, has sought to involve the relevant agencies in the development of technology 
roadmaps for the inditslrv .^’ 

'Ilie President's Infonnation Technology .Advisorx' Committee, which was 
disbanded in June 2005, issued a final report recommending that federal agencies change 
the way they fund computational science and calling on the National .Academies to lead a 
roadmapping effort.^* Several years ago. an advisor)' committee to NSF recommended 
the launch of an effort to boost c\ berinfraslructure for research enabled by information 
technology.^’ 

Possible options for federal action include the following: 

• Make coordinated, fundamental, structural changes that alTinn the integral role of 
computational science in addressing the 21st cenlurx 's most important problems, 
which are predominantly multidisciplinar>’. multiagenc)', multisector, and 
collaborative. To initiate the required transformation, the federal government, in 
partnership with academe and industr>', must create and execute a multidecade 


” Avital Bar Shalom and Robert Cook-Deegan, "Patents and Innovation in Cancer Therapeutics: Lessons 
from CellPro,” The Kiilbank Quarterly ^0(X><ccmhcx 2002);637-76, iii-iv. 

Clovia Hamilton. "University Technology Transfer and Economic Development: Proposed Cooperative 
Economic Development .Agreements Under the Bayh-Dolc Act", John Mortal! Law Review, Winter 2003. 
^ Commission on the Future of the United States Aero^cc Indusu>’. Final Report. Arlington. VA 2002 
Available at www.ila.doc.gov ul''acrospace/3erospacecommissic»i;'AcroCommissionKinalRcpon-pdf 
National Research Council. Evaluation of the National Aerospace Initiative. Washington. DC : National 
Academies Press, 2004 

” President's Information Technology Advisory Committee, Computational Science: Ensuring America ’s 
Competitiveness, Washington, DC: 2005. 

^ BKic-Ribbon Advisor)’ Panel cm Cy'berinfrastructure, Revolutionizing Science and Engineering Through 
Cybehnfrasiructure, Arlington, VA.. National Science Foundaticm, 2003 
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roadmap directing coordinated advances in computational science and its 
applications in science and engineering disciplines. 

• Commission the National Academies to convene one or more task forces to 
develop and maintain a nniltidecade roadmap for computational science and the 
fields that require it with a goal of ensuring continuing ItS leadership in science, 
engineering, the social sciences, .and the humanities. 

• Direct the NSF to establish and lead a large-scale, interagency, and internationally 
e(X)rdinated .Advanced Cyberinfrastnielure Program to create, deploy, and apply 
csberinfrastrueture in ways that radiealls' empower all scientific and engineering 
research and allied education. Sustained new NSF funding of SI billion per year 
is required to achieve “critical mass” and to leverage the necessary coordinated 
coinvestment from other feder.al agencies, universities, industrv , ;md international 
sources required to empow er a revolution.'''' 

Manufurturing and Innosatiun Kxlension 

Tlic Manufacturing Extension Partnership (MEP) program of NIST was 
established in 1989 and now comprises about 350 nonprofit MEP centers that collectively 
receive a little over SlOO million annually from NIS f." 'I'he centers have been 
successful in attracting support from states, industry, and other entities. 

Several recent recommendations for federal action are related to manufacturing 
technology and extension seix iees: 

• E.stablish a program of Innos ation E.xtension Centers to enable small and 
medium-sized enterprises to become first-tier manufacturing partners.'^ 

• Create centers for production excellence that include shared facilities and 
consortia.'** 


* Ibid 

Sec the NIST web site, www mep nislgov about-mep/aboul hlml. 

■** Council on Competitiveness, /nnova/e America: National Innovation Initiative and Report, Washington, 

DC: Council on Competitiveness, 2004 

®Ibid 
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Knsuring That the rnited States Is at the Forefront 
ill Critical Fields of Science and Technolog> 
Appendix 
Figures and Tables 


Table KL-1: Small- Business Innovation Research Award Funding, by Type of 
Awaixl: F^’ 1983-2001. Asa Fixed Percentage of Large Research-Agency Budgets. 
SBIR has Grown Steadily over the Years. 

Figure EL-2: Summan* of ATP Awards, by Source of Funding: 1990-2004. The ATP 
Program lias Been C ontroversial and Has Fluctuated in Size as a Result. 

Figure EL-3: C enters as a Percentage of the NSF Research and Related Account. 
Centers Account for 7% of NSF*s Total Budget and 9% of the Research and Related 
Budget. 

EL-4: Industry Support of Science and Engineering Research at I S ('olleges and 
I'niversities. Industry Support Has Increased Steadily since Bayh-Dole. 

EL-5: License Income to North American Cni>erslties and Research Institutes. 
Licensing Income Has Grown. 
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Ficrurc KL-1: Small-Business Innovation Research .Ward Funding, by Type of 
.Wal’d: FV 1983-2001. .\s a Fixed Percentage of Large Research-.\gency Budgets, 
SBIR has Grown Steadily over the ^'ears. 


All agencies 

FY Total Phase I Phase II 

(feasibility) (main phase) 


1983 

45 

45 

0 

1984 

108 

48 

60 

1985 

199 

69 

130 

1986 

298 

99 

199 

1987 

351 

110 

241 

1988 

389 

102 

285 

1989 

432 

108 

322 

1990 

461 

118 

342 

1991 

483 

128 

336 

1992 

508 

128 

371 

1993 

698 

154 

491 

1994 

718 

220 

474 

1995 

835 

232 

602 

1996 

916 

229 

646 

1997 

1.107 

278 

789 

1998 

1.067 

262 

804 

1999 

1.097 

300 

797 

2000 

1,190 

302 

888 

2001 

1.294 

317 

977 


Source: National Science Board Science and Engineering Indicators 200^ (NSB 04-01) Arlington, 
Virginia. National Science Foundation. 2004. Appendix Table 4-39. 
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Figure EL-2: Suraiiiar>' of ATP Awards, by Source of Funding: 1990-2004. The ATP 

Program Has Been Controversial and Has Fhirtuated In Size as a ResulL 



Source: Advaiced Techtiolocy Program. ^ 47 ^ Factsheet: 3A.3: ATPA^x : • Summary Data- ($ 

MUlionj). September 2004. Available at http://www.atp.ntst.gov /factsheets;3'a>3.htm 


Figure EL-3: Centers as a Percentage of the NSF Research and Related .Account. 



m Fundamental 
Science & 
Engineering 

■ Centers 


□ Capability 
Enhancements 


Source: Ndional Based on data in the National Science Foundation. 200S.FY 2005 Performance and 
Accountability Report. Arlington. VA: National Science Foundation. 
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Figure EL-^: Industry Support of Science and Engineering Research at US Colleges 
and Universities. Industry Support Has Increased Steadily since Bayh-Dole. 



Source: Robert Killoren and Susan Butts. Industry-lMiversity Research in Our Times. Background paper 
for Re-Engineenng Intellectual Property Rights Agreements in Industry-Uniyersity Collaborations. 
Govemment'University-Industiy Research Roundtable. National Academies. June 26. 2003. Available at: 
http://vvww7.nationalacademies.org/guiir/IP_backgroundhtinl 


Figure EL-5: License Income to North American Universities and Research 
Institutes. Licensing Income Has Grown. 



Fiscal Year 

Source: Robert Killoren and Susan Butts. Industry-lMiversity Research, in Our Times. Background paper 
for Re-Engineenng Intellectual Property Rights Agreements m Industry-University Collaborations. 
Goveniment*Universfty*Indistiy Research Roundt^le, National Academies. June 26. 2003. Available at: 
http://www7.nationalacademies.org/guiir/TP_backgroundhtmI 
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Undcrstundin^ Trends in Seicncc and Technologv' 
Critical to US Prosperitj’ 


Suniniari 

Sound policies rest on a solid foundation of infomiation and analysis. The 
collection and analysis of data have become key components of the innovation system. 

During the late 1980s and early 1990s. policy-makers expressed a growing 
interest in assessments and international comparisons of critical technologies, litis 
interest was prompted by the rapid (and unexpected) emergence during the 1980s of 
Japanese companies in high-technology fields, such as microelectronics, robotics, and 
advanced materials. Policy-makers proposed that regular elTorts to identity the 
technologies likely to underlie future economic growth and to assess the relative 
international standing of the United States in those technologies would yield infomiation 
useful for making investment decisions. 

Today, a number of government and private groups undertake a variety of 
technology assessments that enltancc our imdcrstanding of .Vmcrica's relative standing in 
specific science and engineering fields. More detailed and imiovative measures could 
provide important additional infomiation on the status and effects of scientific and 
technological research. 

Recommendatioas for federal actions in these areas include the following: 
International Benchmarking of US Research Fields 

• Establish a system to conduct regular international benchmarking assessments of 
US research to provide information on the w orld leadership status of key of fields 
and subfields of scientific and technologic research. 


Critical Technologies 

• Establish a federal office that would coordinate ongoing prii ate and public 
assessments of critical technologies and initiate additional assessments where 
needed. 
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Data Collection and Dissemination 

• Mandate that the White House OlTice of Science and Teclinologj' Policy prepare a 
regular report on innovation that would be linked to the federal budget cycle. 

• Provide the National Science Foundation (NSF) Division of Science Resources 
Statistics (SRS) w ith resources to launch a program of innovation surv'eys. 

• Ensure that research and innovation survey programs, such as the NSF R&D 
sursey, incorporate emerging, high-growth, tecimology-intensivc industries, such 
as telecommiuiications and biotechnology, and industries across the sen ice 
sector — llnancial services, transportation, and retailing, among others. 

Scieiirr and Terhnology Iteiirhiiiarking 

As part of the technology and intcniational-competiti\ eness debates of the 1980s 
and 1990s, several initiatives were launched to assess national capabilities in specific 
fields of science and engineering. Many of the early assessments looked at Japanese 
capabilities and were perfonned by US or international panels.’ In the late 1980s. the 
Japan Technology Evaluation Center started as an interagency federal initiative managed 
by S.AIC; it evolved into an NSF-contracted center at Ixtvola College of Mary land and is 
now an independent nonprofit know n as the WTEC, Inc.^ WTEC assessments cover a 
variety of countries and fields and are undertaken on an ad hoc basis. Ihcy are funded by 
the federal agencies most interested in the specific field being assessed. 

A 1993 National .Academies report recommended that the world leadership status 
of research fields be evaluated through international benclimarking.^ A follow up report 
that reviewed three benchmarking e.vperiments (mathematics, immunology, and materials 
science and engineering) concluded that the approach of using e.xpert panels could yield 
timely, accurate “snapshots” of specific fields. ' The report also suggested that 
benchmarking assessments be conducted every 3-5 years to capture changes in the 
subject fields. Figure lT-1 illustrates one such assessment. 

llie factors considered most important in determining LIS leadership status, on the 
basis of all the international benclimarking e.xperiments, were human resources and 
graduate education, funding, innovation process and industry, and infrastructure. 

In addition, the Bureau of Industry and Security of the US Department of 
Commerce undertakes assessments of the US industrial and technology base in areas 
considered important for national defense.* These assessments often take into account 
international competitiveness. 


' National Research Council, National Ktatcrials Advisoiy Board, High-Technology Ceramics in Japatv 
Washington, DC: National Academy Press, 1984. 

^ Sec the WTEC. Inc., website. www.wtcc.org''wclcomc.hun. 

^ National Academy of Sciences, National Academy of Engineering, and institute of Medicine, Committee 
on Science, Engineering, and Public Policy, Science, Technology, and the Federal Government 
Washington, DC: National Academy Press, 1993. 

■* National Academy of Sciences, National Academy of Engineering, and Institute of Medicine, Committee 
on Science, Engineering, and Public Policy, Experiments in International Benchmarking of U.S. Research 
Fields, Washington, DC: National Academy Press, 2000. 

’ See www.bis doc gov/defenseindustrialbaseprograms/osies.T)efkJaiketRescarchRpts'Default htm 
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Possible federal action includes the following: 

• Establish a system to conduct regular international benchmarking assessments of 
US research to provide information on tlie world leadership status of key fields 
and subfields of scientific and technological research. 

■Vn e.vample of the potential utility of this information is shown in Figures UT-2 to llT-5 
which show funding and innovation process metrics for nanoteclinology. 


Critiml Trchiiologirs 

In 1990. Congrc.ss mandated that a biennial review be conducted of .Vmcrica’s 
commitment to critical tcclmologies deemed essential for "maintaining economic 
prosperity and enhancing the competitis eness of the US research enterprise”. The 
legislation required that tlie number of technologies identified in the report not exceed .^0 
and include the most economically important civilian technologies expected after the 
decade following the report’s release with the estimated current and future size of the 
domestic and intemational markets for products derix ed from the identified technologies. 
However, the e.xact definition of critical technologies was not included in the legislation. 

Tlie Office of Science and Technology Policy ((9STP) prepared National Critical 
Technologies Reports (NCTR)to Congress in 1991,'^ 199.1.^ 1995,* and 1998.’ The 
content of and methixis used to prepare the NCTRs varied throughout the decade.'* The 
1995 report, for example, identified seven ‘leehnology categories” (energy, 
environmental quality, infonnation and communic.ation. living systems, m,anufacturing. 
materials, and transportation), which were divided into 27 "technology areas”. Figure 
l'T-6 illustrates the NCTR an.alyses for materials research. Each of the 27 areas was 
identified on a competitive scale ranging from lagging to leading, and each area was then 
compared w ith Europe and Jap.-ui." 

Over the 1990s. the R.-VND Corporation played an increasingly important role in 
the preparation of the NX’TRs. R.VN’D assisted with the background research for the 
1993 report .and was a co-author of the 1995 report with OSTP.'^ The 1998 critical- 
technologies report was prepared by R.AND w ith little involvement of OSTP." This 
report, which refocased the study specifically on input from the private sector, identified 
five critical sectors of technology: software, microelectronics and telecommunications 


® Nauonal Critical Technologies Panel, Report of the National Critical Technologies Panel, Washington. 
DC U S Government Prinung Office. 1991 

^NaUonal Critical Technologies Panel, The Second Biennial Report of the National Critical Technologies 
Panel, Washington. DC: US, Government Prmting Office. 1993 

* NaUonal Critical Technologies Panel. The National Critical Technologies Report, Washington. DC: U S, 
Government Pnntmg Office. 1995 

’ Steven W Popper. Caroline S Wagner, and Eric V Larson. New Forces at it'ork: Industry I 'lews Critical 
Technologies, ^nta Monica. CA: RAND. 1998 

'“Carolme S. Wagner and .Steven W Popper. "Idenufying Critical Technologies in the VSA~, Journal of 
Forecasting. 22(2003): 113-128, 

" National Critical Technologies Panel 1995 
W'agnerand Popper. 2003. p, 120 
“ibid 
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technologies, advanced maniifacliiring. materials, and sensor and imaging technologies.'^ 
. Vfter the release of the 1 998 report, the legal requirement for OSTP to prepare the NCTR 
was remox ed. 

Those invoix ed in the NCTR process point out that federal agencies and state and 
local governments ased the reports as a basis for policy-making. I loxvever, the NCres 
do not appear to have had a formal effect on L'S federal policy toward technology 
development.'’ For example, the NCTRs did not lead to the creation of anx’ large cross- 
agency technology initiative. Nanotechnology xvas not a focus of the final 1998 NC'I'R. 
but OSTP started xvork around that time on discussions that would culminate in the 
creation of the National Nanotechnology Initiative sex eral years later.'* 

In addition to the NC'f Rs. .several other public and private efforts to identify 
critical technologies in both the defease and cix ilian arenas xxere luidertaken during the 
1990s by such groups as the US Department of Defense'’ and the Council on 
Competitiveness.'* More recently, several government agencies have e.xpressed interest 
in assessing international capabilities in militarilx critical technologies.'* .Also, a mmiber 
of countries are engaged in periodic assessments of critical technologies and international 
capabilities. 

Possible federal actions include the following: 

• Kstablish a federal olTice that would coordinate ongoing private and public 
assessments of critical technologies and initiate additional assessments xvhere 
needed. 

• .Analyze the technology forecasting and foresight activities of other countries to 
identify xvhere such activities c:ui provide useful input to policy processes. 


Data on Kesrarch and Innuxaliun 

llie adequacy of measures and statistical data to inform policy-making remains a 
concern of the science and technology policy community. For example, during the 
1990s, information technologies xvere widely deployed throughout the US economy and 
played a major role in a surge of US imiovation. yet this process xvas captured poorly, if 
at all. by traditional indicators of research and innovation. E.xcept for statistics on fotTnal 
R&D spending, patents, and some aspects of science and engineering education, 
innovation-related data are extremely limited.’'’ 


Popper, Wagner, and Larson, 1998. 

Wagner and Popper. 2003. p, 123. 

Neal Lane and Thomas Kalil, “The National Nanotechnology Initiative Present at the Creation". Issues 
in Saence anti Technology 21(Summer 2005): 49-54 
’’ See the Militanly Critical Technologies website, wxvw dlic mil'mcll 

** Council on Competitiveness, Gaming New Ground: Technology Priorities for America 's Future. 
Washington, DC Council on Competiuvencss, 1991 

National Research Council Division on Engineering and Physical Sciences, .^voiding Surprise in an Era 
^Global Technology. Advances, Washington, DC: National Academies Press. 2005 
“ National Research Council Committee on National Statistics, Measuring Research and Development 
Expenditures in the U.S. Economy. Washington. DC: NaUonal Academies Press. 2004, 
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•Among the steps the federal government could lake to improve data collection 
and analysis are the following: 

• Miuidate that OSTP prepare a regular report on innovation that would be linked to 
the federal budget cycle.^' The goal of the report w ould be to give the 
government and the publie a clear sense of how federal support for R&D fits into 
the larger national economic system and how both are linked to an increasingly 
international process of innovation. 

• Provide the NSF SRS w ith resources to launch a program of inno\ ation surxeys.^^ 
SRS should work with e.vpcrts in universities and public institutions that have 
expertise in a broad spectrum of related issues. In some cases, it may be judicious 
to commission case studies. NSF also should build im internal capacity to resolve 
the melhodologic issues related to collecting inno\ ation-related data. 

• Ensure the collection of information needed to construct data series of federal 
science and technology (FS&T).’^ NSF needs to continue to collect tire additional 
data items that are readily available in the defense agencies and e.xptmd collection 
of civilian data that would permit users to constnict data scries on FS&T 
e.xpenditures in the same maimer as the FS&T presentation in the president's 
budget documentation. 

• Oi erhaul the field-of-science classification system to take aecoimt of changes in 
academic research, including interdisciplinary and multidisciplinary research.^'* It 
has been some 3 decades since the field-of-science classification system has been 
updated, and the current classification structure no longer adequately reflects the 
state of science and engineering fields. OMB needs to initiate a review of the 
Classification of Fields of Science and Engineering, last published as Directive 16 
in 1978. file SRS could serv e as the lead agency for tin effort that must be 
conducted on a govemmentw ide basis. NSF should engage in a program of 
outreach to the disciplines to begin to develop a standard concept of 
interdisciplinary and multidisciplinary research, and on an e.xperimental basis it 
should initiate a program to collect information from a subset of academic and 
research institutions. 

• Redesign NSF's indirstrial R&D survey.^* file redesign should begin by 
assessing the IIS survey against the international ‘'standard" — the definitions 
promulgated through the Frascati Manual from the Organisation for Economic 
Co-operation and Development. The redesign also should update the industry 
questionnaire to facilitate an understanding of new and emerging R&D issues, 
enliance the program of data analysis .and public<ation. revise the sample to 
enliance coverage of grow ing sectors, and improve the collection procedures to 
better involve and educate the respondents. 


21 

Kent Hughes, “Facing the Global Competitiveness Challenge,” Issues in Science ami Technology, 
21(Sunimer 2005):72-7S 
“ National Research Council, 2004. 

“ Ibid 
“Ibid 
“ Ibid 
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• Ensure that research and innovation survey programs, such as NSF's R&D 
survey, incorporate emerging. high-gro\Mh. technologv -intcnsive industries, such 
as telecommunications and biotechnology, and industries across the service 
sector — financial services, transportation, and retailing, and others.^* .Also, 
survey programs should collect information at the business-unit level of corporate 
activity rather than on a firm as a whole, and geographic location detail should be 
collected. 

• NSF should increase the analytic value of its data by improving comparability and 
linkages among its data sets and between its data and data from other sources, 
such as the US census.^’ 

• SRS should develop a long-temi plan for its Science and Engineering Indicators 
publication so that it is smaller, more policy focused, and less duplicative of other 
SRS publications.^ SRS also should substantially reduce the time between the 
reference date and data release of each of its surveys to improve the relevance and 
usefulness of its data. 


^ National Research Council. Board on Science, Technology, and Hconomic Policy, Indusirial Research 
and Innovation Indicators, Washington. DC. National Academy Press. 1997. 

Comm ittee on National Statistics, 2004. 

“Ibid 
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L'iiclei*staii(liiig Trends in Science and Technology 
C ritical to US Prosperity 
Appendix 
Figures and Tables 

Figure l'T-1: Fxaniple of International Henchmarking for Several Materials Science 
and Fngineering Subfields 

Figure rT-2: Nanotechologx Funding by the US (>ovemment Investment lias Been 
IK'clining as a Share of (*lobal C>ovemnient Investment. 

Figure l'T-3: Nanotechology Funding: (vovemment and Corporate Funding Ihvarf 
Venture Capital Funding. 

Figure rT-4: Nanotechology Innoxation Process: The Number of TS startups Is 
Stagnating. 

Figure l’T-5: Nanotechology Innovation Process: Patenting by IIS Inventors Is 
(inming Rapidly. 

Figure UT-6: F'xample of Critical Technologies Fist for Materials 
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Figure t'T-1 

Fxample of International Benchmarking for Several Materials Science 
and Kngineering Subfields 
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Figure UT-2 

Nanotecholog>' Funding by the US Government Investment Has Been Declining as 
a Share of Global Government Investment. 
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Sean Murdock. Testimony before the Research Subcommittee of the Committee on Science of the United 
States House of Representative. Hearing on: '‘Nanotechnology: Where Does the US Stand?" June 29th, 
2005. 
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Figure UT-3 

Nanotechologj' Funding; Government and Corporate Funding Dwarf Venture 
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Sean Murdock. Testimony before the Research Subcommittee of the Committee on Science of the United 
States House of Representative. Hearing on: “Nanotechnology: Where Does the US Stand?” June 29th, 
2005. 

Figure llT-4 

Nanoteciioiogy Innovation Process: The Number of US sTartups Is Stagnating. 



Sean Murdock. Testimony before the Research Subcommittee of the Committee on Science of the United 
States House of Representative. Hearing on: “Nanotechnology: Where Does the US Stand?” June 29th, 
2005. 
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Figure UT-5 

Nanotecholog>' Innovation Process: Patenting by US Inventors Is Growing Rapidly. 



S«an Murdock. Testimony before the Research Subcommittee of tlie Committee on Science of theUnked 
States House of Representative. Hearkig on: '"Nanotechnology; Where Does the US StandT' June 29th. 
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Figure l’T-6 

Kxaniple of Critical Technologies last for Materials 
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This paper summarizes rmdings and recommendations from a variety 
of recently published reports and papers as input to the deliberations of 
the Committee on Prospering in the Global Economy of the 21st 
Centurs'. Statements in this paper should not be seen as the 
conclusions of the National Academies or tlie committee. 


Ensuring That the United States Has 
the Best Environment for Innovation 


Suiiiiiiars 

A number of recent reports have raised concerns about the United States’ long- 
term ability to sustain its global science and engineering (S&E) leadership.' 'fhey argue 
that erosion of this leadership threatens our ability to reap the rewards of innovation in 
the form of higher incomes and living standards, better health, a cleaner environment, and 
other societal benelits. 

Certainly, tlie leadership position the United States has maintained in research and 
the creation of new know ledge since World War 11 has been an important contributor to 
economic growth and other societal rewards. However, a look at US history and some 
contemporary international examples shows that leadership in research is not a sufTicient 
condition for gaining the lion’s share of benefits from innovation. .A fas orable 
environment for innovation is also necessary. The enviroiunent for iimovation includes 
such elements as the market and regulators' environment, trade policy, intellectual- 
property policies, policies that affect the accimiulation of hunuui c.apital. and policies 
alfecting innovation environments in specific regions. In addition, grand challenges 
issued by the president (such as the reaction to Sputnik and the call for the .Apollo 
project) can mobilize resources and the national imagination in pursuit of important 
innovation-related goals. 

How can the United States sustain and improx e the environment for innovation 
even in a future where its relative share of global S&E inputs to the innovation process 
(such as R&l) spending. S&E persoimcl, and the quantity and quality of scientific 
literature) declines? 

Many approaches to improving the innovation ens ironment have been suggested. 
On some issues, including the offshoring of serxiee-industiy jobs, contradictory' 
diagnoses and prescriptions have emerged on the basis of interests and political outlook 


' American Electronics Association, Losing the Competitive Aih'antage? The Challenge forSaence and 
Technology in the United States. Washington. DC: Amencan Electronics Association, 2004. Council on 
Compcliliveness, Innovate America. Washington, DC: Council on Competitiveness, 2004. Richard B. 
Freeman, "Does Globalization of the Scicntitic/Engmcenng Workforce Threaten US Economic 
Leadership?” NBER Working Paper 1 1 457, Cambridge, MA. : National Bureau of Economic Research, 
2005. Task Force on the Future of American Innovation The Knowledge Economy: Is. America Losing Its 
Competitive Edge? Washington DC: 2005- 
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of the anaij'sis. On other issues, such as patent-system reform, similar suggestions have 
emerged from several different reports. The approaches suggested include the following: 


Market. Regulatory, and Legal Environment 


• Establish a public-private body to assess the impact of new regulations on 
innovation. 

• Reduce the costs of tort litigation for the economy. 

• Reform Section 404 of the Sarbanes-Oxley Act. 

• Drop current efforts to e.xpense stock options. 

• Create best practices for collaborative standard-setting. 

• Undertake market and regulatory reforms in the telecommimications industry with 
the goal of accelerating the speed and accessibility of networks. 

Trade 


• Increase focus on enforcement of the prevailing global rules for intellectual- 
property protection, particularb' in China and in other countries where significant 
problems remain. 

• Make completion of the Doha Round of world-trade talks a priority. 


Intellectual Property 

• Harmonize the US, European, and Japanese patent systems. 

• Institute a postgrant open-review procedure for US patents. 

• Stop diverting patent application fees to general revenue to provide the US Patent 
and Trademark Office (USP'fO) w ith sufficient resources to modernize and 
improve performance. 

• Shield some research uses of patented inventions from liability for infringement. 

• I-everage the patent databa.se as an iiuiovation tool. 


Tax Policy 

• Make the R&D tax credit permanent, and extend coverage to research conducted 
in university-industn. consortia. 

• Provide new tax incentives for early-stage investments in innovative startups. 

• Provide more favorable tax treatment (expensing and accelerated depreciation) for 
the purchase of high-technology manufacturing equipment to encourage industry 
to keep manufacturing in the United States. 
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Human Capital 

• Create incentives for im estments by employers and employees in lifelong 
learning, including the creation of ta.\-protected accounts. 

• Restructure and expand worker-assistance programs like tlic Trade .Adjustment 
.Assistance .Act so that they are more flexible and cover workers displaced by 
reasons other than trade. 

• Expedite the immigration process, including issuance of permanent residence 
status (green cards) to all master's and doctoral graduates of US institutions in 
science and engineering. 

• Make Hl-B visas “portable" to reduce the possibility of visa holder's being 
exploited and to reduce the negative impacts on L'S workers in those fields. 

• Fund new programs that promote entrepreneurship at all levels of education. 

• Reform policies toward health and pension benefits. 

• Require companies operating in the United States to be transparent in reporting 
ofl'shoring decisioas. 

• Use procurement policies to discourage government contractors from ofl'shoring 
by requiring that certain tasks be perl'ormed by US workers. 


New "Apollo” 

• Gain presidential-level commitment to the proposition tliat sustaining and 
enhancing US ability to innovate is a key national priority. 

• Have the President issue a major challenge encompassing federal research and all 
aspects of the innovation process to mobilize resources in pursuit of a critical 
national goal. The candidate fields for such a challenge include energy, space, 
and health care. 


Support for Regional Innovation 

• Establish a program of national innovation centers, or "hot spots”, w ith matching 
funds from states and educational institutions. 

• Designate a lead agency to coordinate regional economic-development programs 
to ensure that there is a common focus on innovation-based growth. 


Innosation and the Economy 

Wm. .A. Wulf points out that ‘there is no simple formula for innovation. Tliere is, 
instead, a-multi-component ‘environment’ that collectively encourages, or discourages, 
innovation.”* Tliis environment includes research funding, an educated workforce, a 


* Wm. A. Wulf. 2005, "Review and Renewal of the Environment for Innovation”, unpublished paper. 
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culture that encourages risk-taking, a I'lnancial system that provides patient capital for 
entrepreneurial activity, intellectual-property protection, and other elements. 

The significance of this innovation environment has long been a subject of stud\'. 
.As far back as .Adam Smith, economists have been interested in technologie innovation 
and its impact on economic growth.’ Early in the 20th century, Joseph Schumpeter 
argued that innovation w as the most important feature of the capitalist economy. Starting 
in the 1 950s, Robert Solow and others developed methods of accounting for the sources 
of growth, leading to the obsen ation that technologic change is responsible for over half 
the observed growth in labor productivity and national income. Tliese methods are 
subject to continued debate and refinement. For e.vample, over long periods the 
contributions of technologic change and other causes of growth such as worker skills, 
capital deepening, and institutional change — are highly interactive and difiicult to 
separate. 

Otlier economists have focused on a more qualitative study of the institutions and 
practices underlying innovation in individual industries and entire economies. The elTort 
to understand “national innovations systems” has been one focus of recent studies.’ 

Others have e.vamined the performance of particular industries.’ The Sloan Foundation 
has given understanding innovation a high priority in its funding.' 

Tliis literature underscores the importance of the environment for innovation and 
points to several lessons from recent history. Japan's growth trajectory' in various S&E 
inputs and outputs (such as R&D investments, S&E personnel, and patents) since the 
early 1990s has been similar to what it was before,’ Yet the .lapanese economy's ability 
to reap the rewards of innovation in the form of higher productivity and incomes was 
much higher in the earlier period. This can be explained partly by the dual nature of the 
Japanese economy, where world-class manufacturing industries sert ing a global market 
exist side by side with ineffieient industries, such as construction.* Economic 
mismanagement and a lack of llexibility in factor markets (labor and capital) also have 
played an important role. 

In contrast, in the mid-1990s the United States saw a jump in productivity grovMh 
from the levels that had prevailed since the first oil shock of the early 1970s.’ In addition 
to gains in information technology (IT) manufacturing productivity, productivity gains 
from IT u.se and the creation of new business methods that take ads antage of IT were 
w idespread througliout the economy (see Figure EI-1). 


’ Joel MokjT, “Innovation in an Historical Perspective: Talcs of Technology and Evolution", in Berm Stcil, 
David G. Victor, and Richard R Nelson (cds ). Technological Innovation and Economic Performance, 
Princeton, NJ: Princeton University Press, 2002 

’ Richard R. Nelson, ed . national Innovation Systems: .4 Comparative .4nalysis. New York; Oxford 
University Press, 1993 

’ National Research Council, US Industry in 2000: Studies in Competitive Performance, Washington, DC; 
National Academics Press. 1999, 

* Sec the Alfred P Sloan Foundation web site at wivw, sIoan.org, 

’ Adam S. Posea “Japan" in Steil, Victor, and Nelsoa 2002 

* Dale W Jorgenson and Masahiro Kuroda, “Technology, Productivity, and the Competitiveness of US and 
Japanese Industries", in Thomas /Vrrisoa C. Fred Bergslca Edward M. Graham, and Martha Caldwell 
Harris (eds.), Japan 's Growing Technological Capability: Implications for the US Economy, Washingtoa 
DC; National Academy Press, 1992. 

’ William Nordhaus, The Sources of die Productivity Rebomd and the Klanufacturing Employment Puzzle, 
NBER Working Paper 1 1 354. 2005. 
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It is important to note that science and teclinology and the innovation process are 
not zero-sum games in the international context.'* The L'nited States has proved adept in 
the pa.st at taking advantage of breakthroughs and inventions from abroad, such as the jet 
engine and monoclonal antibodies." 

Groups and individuals have made numerous recommendations for change in tlie 
US environment for innovation. 


Market, Rcgulatuiy , and Legal F.nsinmment 

.\l.any anaivses of iraiovation focus on the supply side of the equation, such as the 
size and composition of R&D spending, the number of S&E graduates, .and so forth. Ihe 
importance of the demand side is sometimes neglected. Ilie imperative of meeting the 
needs of deniiutding bu\ ers and consiuners plays a key role in driving the creation and 
dilTusion of innovations. .Un open dynamic market is the source of LIS competitive 
strength in a range of industries. Even under the “Dell model" — in which development, 
manufacturing, and other functions are sourced and performed around the globe — contact 
with customers and knowledge of their needs is a critical capability that Dell keeps 
inhouse." 

In contrast, industries and economies where markets are closed, competition is 
limited, or consumer rights are not protected tend to act as a drag on iimovation and 
growth. McKinsey and Company’s intcmation.al studies on sector productivity during the 
1990s showed th.at competitive markets were the key factor separating successes and 
failures." 

A w ide variety of policies and practices inlluence the market, regulatory, and 
legal environment for innovation. These include financial regulations, where the 
Sarbanes-Oxley .Act has produced a number of changes in recent years. In addition, the 
costs of I'S approaches to litigation alTecting product liability and securities fraud are a 
perennial target of industry groups. 

Given the fact that the I ’nited States has lagged behind a number of other 
countries in broadband aceess (see Figure EI-2) and the potential positive impact of better 
and cheaper netw ork access for the economy and the research enterprise in particular, the 
complex regulations governing telecommunications, the broadcast spcctnrm. and related 
areas would seem a promising target of reform. 

Possible federal actions include the following: 

• "The impact of new regulations on market investments in innovation should be 

more carefully and collaboratively assessed by a public-private Financial Markets 


'* Wm. A Wulf, “Observauons on Science and Technology Trends: Their Potential Impact on C)ur Future”, 
in y\nne G.K Solomon (ed). Technology Futures and Global ITeallh, Power and Conjhct, Washmgton, 
DC; Center for Strategic and International Studies, 2005. 

" National Academy of Sciences, National Academy of Engineenng, Institute of Medicine, Capitalizing on 
Investments in Science and Technology, Washington. DC; National Academy Press, 1999. 

" Thomas L. Friedman, The iVorld is Flat: A Bnef History of the 2 1st Century, New York: Farrar, Straus 
and Giroux, 2005, p dia-dlO 

" William W. Lewis, The Power of Productivity: Health, Poverty, and die Threat to Global Stability, 
Chicago: The University of Chicago Press, 2004 
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Inlemicdiars' Committee, where periodic meetings can score existing and 
proposed legislation. This committee would follow the model of the Foreign 
Exchange Committee and Trea.sur>' Borrowing Committee.”''* 

• "The countrx’ should set a goal to reduce the costs of tort litigation from the 
current level of two percent of GDP some S200 billion down to one percent.”” 

• Reform Section 404 of the Sarbancs-Oxlcy Act. which requires an internal control 
report in the company's amuial report. “Many small and medium-sized 
companies have serious concern « ith Section 404 and the expense of the internal 
control reporting requirements. Small and medium-sized companies are 
disproportionately burdened by Section 404. and these provisions need to be 
examined to ensure a proper balance between accountability and bureaucracy.” 

• Drop elTorts to expense stock options. “No industry has benefited more than the 
high-tech industry from the use of stock options. Stock options provide employees 
w ith a direct link to the growth and profitability of companies. They also are an 
essential tool for attracting and retaining the best workforce, especially for small 
businesses and start-ups who do not always have the capital to compete on salary- 
alone. .Already China and India have learned from tlie successful use of stock 
optioas in Silicon Valley and are using it to attract and retain businesses and 
employees.” 

• “The Federal govemment. througli the Internal Revenue Service or Treasury- 
Department. should establish clear guidelines in the Internal Revenue Code on the 
acceptability of investment of foundation assets in start-up ventures.”” 

• “The Federal government should encourage best practices and processes for 
standards bodies to align incentives for collaborative standard setting, and to 
encourage broad participation.”” 

• 'Bie Congress should “use the D'lA' transition to encourage both licensed and 
unlicensed wireless broadband networks as competitive alteniativcs to wireline 
cable and DSL olTerings.”'* 

• “Provide indu.slry- the incentives to promote broadband and eellular penetration. 
Countries like South Korea and Italy- have realized enormous competitive 
advantages by- investing heavily- in broadband and cellular deploy ment. Just as 
the interstate higliw-ay system dramatically- increased the efficiency- and 
prixluctivity of the US economy half a century- ago. so too can en'tcient 
communications networks have the same positive elTect today. Broadband and 
cellular dilTusion also foster competitive advantages by creating demand for 
eutting edge products and services.”''’ 


Trade- 


'^Council on Competitiveness 2004, p 65 
” Council on Competitiveness 2004, p 65 
"* Council on Competitiveness 2004, p 62 
” Council on Competitiveness 2004, p 70 

'* Michael Calabrese, testimony to the Committee on Commerce. Science and Transportation, United 
States Senate. Hearing on Broadcast to Broadband, July 12, 2005. 

American Electronics Association, 2005, p 26 
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Multilateral trade liberalization has been a goal of US policvinakers of both 
politieal parties since the end of World War II. Ilic renewal of large US trade deficits in 
recent years has spurred debate over how to correct it and other global imbalances, 'ITie 
very large US deficit with China has produced calls for exchange-rate adjastment and 
other measures. In many important respects. China's industrial-development strategy has 
followed tlie export-led "playbook” developed by Japan, Korea and other high-growth 
.Vsian economies during the 1960s. 1970s. and I980s.“ 

Improving the protection of intellectual property worldw ide. and especially in 
such large countries as China where piracy rates are higli. has been a policy focus of 
indastrs groups (see Figure FI-3). It is important to note that China's laws and policies 
have come into line w ith international standards as a result of its accession to the W'orld 
Trade Organization, so tile main issue is enforcement. 

Possible federal actions include the following: 

• "Promote stronger enforcement of intellectual property protection worldw ide. 
Intellectual property is typically the core asset of any high-tech company. From 
patents and copyrights to software and trade secrets, intellectual property forms 
the basis of the knowledge economy. Far too often, foreign legal systems do not 
adequately protect tlie owner of these valuable creations, resulting in the loss of 
literally billions of dollars. Hie Biusiness Softw are .-Mliance estimated that 36 
percent of software w orldw ide was illegalls' pirated in 2003. litis translates to a 
$29 billion loss in revenue. In China, this figure is 92 percent and the revenue 
loss is estimated at $3.8 billion. Digital technology has made intellectual property 
theft that much easier on a w ide scale. When foreign companies and consumers 
can steal this hard-eanied property, the profitability and. ultimately, the 
competitiveness of US companies sull'er.'”' 

• Make conclusions of the Doha Round a top priority. “The United States economy 
has gained greatly from liberalization of tr.ide worldwide and from the rules based 
system facilitated by the World Trade Organization (WTO), flie IX)ha round of 
trade talks broke dow n in the summer of 2003 as negotiations on agriculture and 
certain sers ice sectors reached an impasse. .As a result, the United States risks 
losing momentum in further opening global markets to US products and services." 


Intellectual Property 

With the rise of knowledge-based industries and a number of legislative, judicial, 
and administrative actions, intellectual-propcrts protection in the United States has been 
significantlv’ strengthened over the last 25 years.“ With the increase in the \ alue of a US 
patent have come an increase in patenting and greater focus by companies and other 
inventors on the management of intellectual-property as an a.sset. In this environment. 


“ Robert Samuelson. "China's Devalued Concession" The ITashingion Post July 26. 2005, p. AI9 
American Electronics Association, 2005, p 25 

“ Wesley M Cohen and Stephen A Merrill (eds ), Patents m the Know ledge-Based Economy, Washington, 
DC: National Academies Press, 2003. 
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debate eontinues on how to tweak US intellectual property policies so that they maximize 
incentives for the generation and broad dilTasion of innovations. 

Possible federal actions include the following: 

• “Reduce redundancies and inconsistencies among national patent systems. 'ITie 
United States. Europe, and Japan should further harmonize patent examination 
procedures tutd standards to reduce redundancy in search and examination and 
eventually achieve mutual recognition of results. DitTcrenccs that need 
reconciling include application priority (first-to-invent versus first-inventor-to- 
fiile). the grace period for filing an application after publication, tlie best mode 
reqiiirentent of US law , and the US exception to the rule of publication of patent 
applications .after 1 8 months. This objective should continue to be pursued on a 
trilateral or even bilateral basis if multilateral negotiations are not progressing.”® 

• "Strengthen USPTO capabilities. To improve its performance the USPTO needs 
additional resources to hire and train additional examiners and fully implement a 
robust electronic processing capability. Further, the I'SPTO should create a 
strong multidisciplinarx anaivtical capability to a.ssess management practices and 
proposed changes, provide an early w anting of new technologies being proposed 
for patenting, and conduct reliable. consi.stent. reputable qualits' reviews that 
address olfice-w ide and individual examiner performance. 'Ilie current USPTO 
budget is not adequate to aceomplish these objectives.”" 

• “Institute an t)pen Review procedure. Congress should seriously consider 
legislation creating a procedure for third parties to challenge patents after their 
issuance in a proceeding before administrative patent judges of the USPTO. The 
grounds for a challenge could be any of the statutory standards novelty, utility, 
non-obviousness, disclosure, or enablement or even the case law proscription in 
patenting abstract ideas and natural phenomena. Tlie time, cost, and other 
characteristics of this proceeding should m.ike it ;ui attractive alternative to 
litigation to resolve patent validity questions both for private disputants and for 
federal district courts. Ilie courts could more productively focus their attention 
on patent infringement issues if they were able to refer validity questions to an 
Open Review proceeding.”® 

• “Leverage the patent database as an innovation tool. Develop pilot projects 
(jointly funded by industry, universities and government) to highlight techniques 
for leveraging patent data for discovery."" 


Tax Policj 


® National Research Council. A Patient System for the 2Ist Century. Washington. DC; National Academies 
Press, 2004, p 8 

" Ibid . p 7 Similar recommendations appear m CouiKil on Competitiveness, 2004, and American 
Hlectronics Association, 200S. The latter two reports recommend stopping diversion of patent-application 
fees to general revenue. 

® National Research Council. 2004, p. 6. A similar recommendation appears m Council on 
Competiuveness, 2004. 

" Council on Competitiveness, 2004, p 70 
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Tax policy is another element of the environment for innovation. The research 
and experimentation tax credit (popularly known as the R&D tax credit) is a longstanding 
feature of the tax code, although it is generally renewed year to year. The tax treatment 
of investments in startup companies and purchases of high-technology manufacturing 
equipment have also been the focus of recent recommendations. 

Possible federal actions include the following: 

• ‘■'nic federal gox eniment should provide a 25 percent tax credit for early stage 
investments when made through quiiliTied angel funds. Ihe individiuls 
participating in these funds would need to make a minimum investment of 
S50.000 each year in order to receive the tax credit. .Acceptable investments 
would be restricted to those that meet requirements for revenue size and age of 
firm."'’’ 

• “Enact a permanent, restructured R&E tax credit and extend the credit to research 
conducted in university-indastrv’ consortia."” 

• .Allow more favorable tax treatment of purchases of high-technology 
manufacturing equipment. “.-Accelerated depreciation or expeasing of high 
technology equipment would have a particularly positive investment impact. 

Many of our economic competitors who actively seek to lure investment in 
semiconductor manufacturing overseas offer far more favoriible tax treatment 
th.an that offered in the United States. .As part of the discussion of fundamental 
reforms of the tax code to promote investment and manufacturing in the US, the 
Congress should consider allow ing companies to expense higli technology 
equipment."” 

• “Else the required repeal of the Foreign Sales Corporation exemption to fund a 
revenue-neutral lax credit for investment in information-processing equipment, 
software, and industrial equipment. In response to WTO rulings. Congress passed 
a reduction of the corporate lax rate, which really does little to encourage 
companies to be more competitive iind innovative. .An investment tax credit 
would help companies increase inve.sinieni which would in turn boost 
productivity. Moreover, it would make EIS companies more likely to invest in 
equipment in tlie I nites States and not overseas."” 


liiinian Capital 

.A highly skilled, flexible labor force is an essential component of this nation’s 
ability to reap the benefits of imiovation. Recent debates over workforce issues have 
revolved around several issues. 


” Ibid. p 62. 

” Ibid , p 59 There are sanilar recommendations in numerous other reports, including National Academy 
of Engineering, Mastering a Wen- Role: Prospenng in a Global Economy, Washington, DC NaUonal 
Academies Press, 1993. and American Electronics Association, 2005. 

” Semiconductor Industry Association web site, www.sia-onltne.org backgrounders_ta\.cfm. 

* Robert Atkinsoa Meeting the Offshoring Challenge. W'ashingtop DC, Progressive Policy Institute. 
2004 
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Tlie first trend is that growing numbers of service industries and their labor forces 
are becoming subject to global competition, a condition with which manufacturing 
industries have long familiarity. OITshore outsourcing of business process and IT jobs, or 
“offshoring”, is growing rapidly (see Figure EI-4). Aspects of research and education arc 
included. Tliere are strong disagreements about what outsourcing means, the ultimate 
impacts, and policy prescriptions.^' In any case, the trend reinforces the imperative for 
the promotion of lifelong learning in the Ignited States. As illustrated by Figure EI-5, 
working adults and other nontraditional students are of grow ing importance in fields like 
computer science. Calls to rethink approaches to incentives for continuing education and 
trade-displacement assistance programs have come from several quarters. 

A second element focuses on the immigration of scientists, engineers, and other 
skilled professionals who contribute to the inno\ ation process. Several recent reports 
have suggested ways to encourage skilled foreigners to continue immigrating. US 
openness to people and ideas from around the w orld is a longstanding strength of the 
.American environment for innovation.” In particular, immigrant scientist-engineer- 
entrepreneurs Irom Ale.xander Ciraham Bell and .Andrew Carnegie to .Andrew Grove have 
played key roles in the creation of leading US companies and entire indastries. 

A third human-capital issue is the reform of health insurance, pensions, and other 
public and private benefits infra-stnictures. The goals here are to make these systems 
sustainable from a long-term cost perspective and to help them support a workforce that 
is increasingly mobile and less likely to be employed by large organizations for extended 
periods. 

A fourth issue is the promotion of education about entrepreneurship at various 
educational levels, including S&E education. .Among the recommendations that have 
been suggested are these: 

• “Create the human capital investment tax credit to promote continuous education. 
Companies often lack incentives to invest in educating and retraining workers as 
they risk losing that return on investment if the woricer subsequently leaves the 
firm. By providing human-capital investment tax credits, the US government can 
encourage companies to retrain w orkers by reducing or eliminating out-of-pocket 
costs. .At the forefront of technology innovation, companies are often the best 
predictor of what skills will be most valuable in the future. Continuous retraining, 
education, and skills acquisition ensure that fewer teclmologv' workers will find 
themselves suddenly displaced w ith no skills to participate in the constantly 
shirting high-tech industr> . Furthermore, society w ould benefit from the 
continuous education of workers, which also increases productivit>' and decreases 
downtime betw een jobs.”” 

• Create lifelong learning accounts for employees that allow ta.\-exemj)t 
contributions by workers and tax credits for employer contributions. ^ 

For a point-counterpoint see Ron Hira and Anil Hira, Outsourcing America: M hat 's Behind Our National 
Crisis and How IVe Can Reclaim American J(A>s. Washington, DC; AMACOM Books, 2005, and Diana 
Farrell, Martha Laboissiere. Robert Pascal, Jaeson Rosenfeld, Charles de S^undo. Sascha Sturze. and 
Fusayo Umezawa. The Emerging Global Labor Market. New York: McKmsey Global Institute, 2005. 

National Academy of Sciences. National Academy of Engineenng, Institute of Medicine, 1 999. 

” Amencan Electronics Association. 2005. p, 26. 

^ Council on Competitiveness, 2004, p. 54. 
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• “Reform and rename the Trade Adjustment Assistance Program to cover workers 
displaced for reasons other than trade, including service sector workers.”^* 

• “Oiler more flexibility and focus under federal-state employment and training 
programs. States and the federal government should have more discretion to 
devote employ ment and training resources tow ard high-performance programs, 
high-growlh skills and skills in demand by local firms.”" 

• “E.xpand temporary wage supplements that help move workers more quickly oft' 
unemployment insurance and into new jobs and on-the-job training, nte 
.Alternative Trade .Adjastment for (^Ider Workers Program should be expanded to 
include younger workers and should not be linked exclusively to trade 
dislocation.”’’ 

• “Re-institute Hl-U training grants to ensure that .Americans are trained in the 
skills and fields for which companies now bring in foreign nationals.”” 

• “Establish an expedited inunigration process, including automatic work pennits 
and residency status for foreign students who: a) hold graduate degrees in S&E 
from .American universities, b) have been oft'ered jobs by US-based employers 
and w ho have passed security screening tests.”” 

• “Give green cards to all US trained master and doctoral students. .Accredited L'S 
colleges and universities award 8,000 doctoral and 56,000 master's degrees in 
S&E to foreign nationals per year. Instead of sending these people back to their 
countries, they should be given a Green Card to stay in the United States, 'nicsc 
people will make significant contributions to the economy and workforce, file 
United States benefits by keeping them here.”" 

• “Hl-B visas should be made ‘portable’ so that a foreign temporary nonimmigrant 
worker can more easily change jobs in the United States.”" 

• Tlie National Science Foundation should take a significant role in funding pilot 
efl'orts to create innovation-oriented learning ens ironments in K-12 and higlier 
education. It also should sponsor research into the processes involved in teaching 
creativity, inventiveness, luid commercialization in technical en\ ironments,'“ 

• 'I1ie federal government should create legal certainty for cash-balance pension 
plans to ensure that employers can continue to ofl'er tliem. These plans are 
popular w ith many employees and have significant advantages over many 
defined-contribution plans." 


” Ibid., p 56. 

" Ibid 
’’Ibid 
’* Ibid 
” Ibid , p 51 

" .American Electronics Association, 2005, p. 25. A similar recommendation appears in Council on 
Competitiveness. 2004 

■“ National Research Council. Building a IVoriforce for the Information Economy, W'ashington, 1X2: 
National Academics Press, 2001. 

Council on Competitiveness. 2004, p 53 
" Ibid . p 55 
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• Have the states and tlie federal goventment eneourage the widespread availability 
of Health Savings Aceounts. including affordable options for low-ineome 
workers, as a health-insurance option that prox ides portability for employees." 

• “States and the federal goventment should define a role for government re- 
insurance of higher-cost healthcare c.vpenses. so as to reduce the cost of 
employer-provided coverage and reduce the cost of healtlieare to employees,'’*’ 

• "Goventment procurement niles should favor work done in the I'nited States and 
should restrict the oll'shoring of w ork in any instance where there is not a clear 
long-term economic lienefit to the nation or where the work supports technologies 
that are critical to our national economic or military security.”** 

• Kei|uire transparent disclosure of offshoring, " nic publicly ow ned firms that 
engage in olTshoring ouglrt to at least he transparent in their business dealings, 
offering layolT notices and providing clear accounting of the employment in their 
various units, both domestic and abroad.”*’ 


Supporting C lusters and Regions 

Tlie tendency of innovative capabilities (such as research, manufacturing, 
educational institutions, and the w orkforee) to conglomerate in specific regions has heen 
a subject of economic inquirv for some time.** Tlie Council on Competitiveness 
sponsored a multiyear initiative to study the phenomenon in the US context.** One recent 
anah’sis postulates that regions need to draw a “creative class” human-resource base to 
compete etTeetively in know ledge-intensix e industries.’* . Vlthougli mam' of the poliev' 
levers to promote regional innovation are in the hands of state and local govemmenLs. the 
federal government could play a larger role through such actions as the following: 

• "'nie federal government should create at least ten Innovation Hot Spots over the 
next five years. State and local economic development entities and educational 
in.stitutions should raise matching funds and develop proposals to operate these 
pilot national innovation centers.”” 

• “Innovation Partnerships need to be created to bridge the traditional gap that has 
existed between tite long-term discovery process and commercialization. These 


"Ibid 
*’ Ibid 

** IEEE- 2004, Position Statement on Off^ore Outsourcing. Washington. 1X2. Available at 

WWW leeeusa org policy/positionsJoffshoring asp A similar recommendation appears on the Economic 

Policy Institute web site 

*’ Economic Policy lasUtute. EPI Issue Guide: Offshoring, Wa.shington. IX: 2004 

** Michael J Piore and Giarles F Sahel. TTie Second Industrial Dmde: Possibilities for Prosperity, New 

York Ba.sic Books, 1984 

** Council on Competitiveness. Clusters of Innovation: Regional Foundations of US Competitiveness. 
Washington. EX: Council on Competitiveness. 2001 

’’’Richard Flonda. The Rise of the Creative Class ..and how it's tranfforming work, leisure, community'. & 
everyday life. New York: Basic Books. 2002. 

” Council on Competitiveness. 2004, p 62, 
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new partnerships would involve academia, business and govemnient, and they 
would be tailored to capture regional interests iuid economic clu-sters.”” 

• "Tlie federal government should establish a lead agency for economic 

development programs to coordinate regional elTorts and ensure tliat a common 
focus on innovation-based grovMh is being implemented.”’’ 


New “.Vpollo”, “Sputnik”, or “Manhattan Project" 

.As part of the 2004-2005 debate over the sustainability of US S&E leadership, 
some individuals and groups have called for a presidential-level challenge to mobilize 
resources and national imagination in an effort that also would grow the S&E enterprise. 
Somewhat related is the call for the President to identify innovation as having a major 
national priority. Specific recommendations include the following: 

• L.aunch an e.xplicit national innovation strategy and agenda led by the President, 
"innovation is the critical pathway to building prosperity and competitive 
advantage for advanced economies. Yet no single institution in government or 
the private sector has the horizontal responsibility for strengthening the 
innovation ecosystem at the national level — it is and always will be a shared 
responsibility. The United States should establish an e.xplicit national innovation 
strategy mid agenda, including an aggressive public policy strategy tliat energizes 
the environment for national innovation."” 

• “Establish a focal point w ithin tlie E.xecutive Office of the President to frame, 
assess and coordinate strategically the future direction of the nation's innovation 
policies. Tliis could be either a Cabinet-level interagency group, or a new, 
distinct mission assigned to tlie National Economic Council."” 

• “Establish an explicit innovation agenda. Direct the President's economic 
advisors to analyze the impact of current economic policies on US innovation 
capabilities and identify opportunities for immediate improvement."*’ 

• “Direct the Cabinet officers to undertake a policy, program mid budget review and 
propose initiatives designed to foster innovation within and across departments. 
This is an opportunity to break dow n ‘stovepipes' and foster closer collaboration 
among the agencies to meet clear national needs."” 

• "The United States should build an integrated healthcare capabilitv bv the end of 
the decade.'”* 

• .Apply information technology, research, and systems-engineering tools to US 
health-care delivery.” 


’’Ibid .p. 53 
” Ibid. p. 63. 

” Ibid., p- 66- 
” Ibid 
’* Ibid 
’’Ibid 

’'Ibid.p. 74 

” National Academy of Engmeenng'InsUtule of Mcdicmc. Building a Better Delivery System: A New 
Engineering Heallhcare Partnerdtip, Washington. DC: National Academics Press. 3005. 
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• launch a LiS-China crash program to develop alternative energies* 


“ Friedman. 2005, p 413 
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Figure EI-1: Contribution of Different Industries to the Productivity Rebound, 
1998-2003, by Broad Industry' Group. 
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1.04 

0.12 

- 0.04 

• 0.09 

0.08 

- 0.07 

0.00 

EducAtionAl services, IvaIiIi CAre, etc. 

7.09 

- 0.01 

001 

- 0.05 

0.01 

003 

0.00 

Other services, except government 

2.40 

- 0.07 

- 0.05 

- 0.07 

- 0.08 

004 

- 0.05 

Cofutniction 

4.42 

-0 18 

- 0.13 

0.03 

- 0.03 

000 

- 0.06 


Source: William Nordhaus. 2005. The Source of the Productivity Rebound and ifte Manufacturing 
Employment Puzzle. NBER Working Paper 11354. Table 4. p. 24. Available al: 
hUp;//www.nber.org/pq>crs/ w 1 1 354 . 
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Figure EI<2: The United Stales Has Tagged Other Countries in Broadband 
Adoption. 


Rank 

Country 


1 

South Korea 

24.9 

2 

Hong Kong 

20.9 

3 

The Netherlarxis 

19.4 

4 

Denmark 

19.3 

5 

Canada 

17.6 

16 

United States 

11.4 


Source; Michael Calabrese. "Broadcast to Broadband; Completing the Digital Television Transition Can 
Jumpstart Affordable Wireless Broadband" House Testimony. July 12, 2005. 


Figure EI-3: China Has a High Piracy Rate, hut Because of Market Size Software 
Piracy Losses Are Actually Higher In the United States. 


Ranking by S004 Software Piracy Loesee .i 

PInMv of SIOO MWlon or Mer* 


SM 


United States 

S6.64S 

China 

3.S65 

France 

2.928 

Germany 

2.286 

United Kingdom 

1.963 

Japan 

1.787 

Italy 

I.SOO 

Russia 

1.362 

Canada 

889 

Brazil 

659 

Spain 

634 

Netherlands 

628 

India 

SI9 

Korea 

S06 

Australia 

409 

Mexico 

407 

Poland 

379 

Belgium 

309 

Switzerland 

309 


■M 


Sweden 

S 304 

Denmark 

226 

South Africa 

196 

Norway 

184 

Indonesia 

183 

Thailand 

183 

Turkey 

182 

Finland 

177 

Taiwan 

161 

Malaysia 

134 

Czech Republic 

132 

Austria 

128 

Hungary 

126 

Saudi Arabia 

I2S 

Hong Kong 

116 

Argentina 

108 

Ukraine 

107 

Greece 

106 


Source; Business Software Alliance and IDC. 2005. Second Armual BSA and IDC Global Software Piracy 
Study. Washif^ton, DC. Available at; http://www.b6aorg.''globalstudy/upload/2005-GIobal-Stu(ty- 
EngUsh.pdf 
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Figure EI-4: Even in the Rapidly Growing Category Of Global Service Exports, 
Offshoring of Business Process and IT Work from Rich to Poor Countries Will 
Constitute a Larger Share, Grow ing at a 30% Compound Annual Rate Between 
Now and 2008. 


BPO/IT offshoring to low-wage locations as a 
percent of total global service exports 

SBillion 



Project 

CAGR 


% 


CD 



* Estimated at 6% arviual growth from 2002 hgure 
Source WTO, McKinsey Global ir>$Utute analysts 

Source: McKinsey & Company. “The Emerging Global Labor Maricel". June 2005. Executive Summary, 
p 19. 
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Figure EI-5: Nontnulitioiiiil Students and lligher-Kducation Providers Are 
Increasingly Important in Such Fields as Computer Science. 


TABLE 1.2 Top Producers of Computer 
Science Bachelor’s Degrees, 2001 

Academic Number of 2001 

Institution Bachelor’s Degrees Awarded 


1. 

Strayer University 

840 

2. 

DeVry Institute of Technology (Addison, IL) 

477 

3 - 

CUNY Bernard Baruch College 

465 

4 - 

University of Maryland Baltimore County 

463 

5 - 

DeVry Institute of Technology (Phoenix, AZ) 

440 

6. 

DeVry Institute of Technology (Cty of Industry, CA) 349 

7 - 

Rutgers the State University of New jersey 

336 

8. 

DeVry Institute of Technology (Kansas City, MO) 

316 

9 - 

DeVry Institute of Technology (Long Beach, CA) 

301 

10. James Madison University 

393 


Source: CPST; data were derived from the National Science 
Foundation, WebCASPAR Database, and NCES. 


Source American Association for the Advancement of Science Preparing Women and Minorities for the 
IT Worfforce: The Role of Nontraditional Educational Pathways. Washington. DC, 2005. Available at 
http //WWW aaas org/publication8/books_reports/lTW/PDFs/Complete_book.pdf 
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Iliis summarizes findings and recommendations from a variety of 
recently published reports and papers as input to the deliberations of the 
Committee on Prospering in the Global Economy of the 2 1st Century . 
Statements in this paper should not be seen as the conclusions of the National 
Academies or the committee. 


Issue Brief: 

Scientific Communication and Security 


Summun 

Among the fundamental tenets of science is openness minimizing restrictions on 
communication among scientists is considered essential to progress. Ilie Ignited States has 
achieved and maintained its pre eminence in science and technology’ (S&T) in part by embracing 
the values of scientific openness. .And this openness has no natural, and certainly no national, 
boundaries in an increasingly international scientific enterprise. 

Openness may pose risks, however. .Adversaries may take advantage of ready access to 
information to acquire knowledge with which to do harm. Economic competitors may use open 
communication to pursue their ow n interests at the expense of the I 'nited States. 

Ilie I'nited States has souglit to limit these potential negative consequences by setting 
some limits on scientific communication. A system to protect intellectual property seeks to 
ensure that the applications of discoveries initially benefit those who make the breakthroughs. In 
the realm of national and homeland security, the I'S goi emment carries out some research and 
development in secret and restricts access to certain types of information to keep it away from 
those who may have hostile intent. 

llie scientific and technical community recognizes that it has a responsibility to help 
protect the I ’nited States, as it has in the past, by harnessing the best S&T to help counter 
terrorism ;uid other national-security threats, even though tliis may mean accepting some 
limitations on its work. However, there is concern that some of llie policies on scientific 
communication enacted in tlie w ake of the September 1 1 terrorist attacks and the anthrax 
mailings and others under consideration will undermine the strength of science in the United 
States w ithout genuinely advancing security. Various organizatioas. including the National 
.Academies, have olTcred recommendations to address these concerns: 

• Continue to support the principle set forth in National Security Decision Directive 189 
that federally funded fundamental researclu such as that conducted in universities and 
laboratories, should “to the maximum extent possible*’ be unrestricted. 

• Create a clearly defined regulatory "safe harbor" for fundamental research so that 
universities in particular can have confidence that activities w ithin the safe harbor are in 
compliance, thus pennilting a focus on w hate\‘er occurred outside the safe harbor. 

• Regularly review and update the lists of information and technologies subject to controls 
maintained by federal agencies w ith the goal of restricting the focus of the controls ;uid 
removing controls on readily available technologies. Carry out the priK'ess across as well 
as within agencies, and include input from the S&T community. 
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• With regard to the specific issue of “deemed exports", do not change the current system 
of license requirements for ase of export-controlled equipment in university basic 
research until the follouing steps have been implemented: 

o Oreatly narrow the scope of controlled teclmologies requiring deemed-e\-port 
licenses, and ensure that Uie list remains narrow going forward. 

o IX'lctc all controlled technology from the list whose manuals are available in the 
public domain, in libraries, on the Internet, or from the manufacturers. 

o Delete all equipment from the list that is available for purchase on Uie open 
market overseas from foreign or l*S companies. 

o Clear international students and postdoctoral fellows for access to controlled 
equipment when their visas are issued or shortly therealler so that their admission 
to a university academic program is coupled with their access to use of export- 
controlled equipment. 

• I 'ndertake a systematic review to determine the number and provisions of all existing 
types of “sensitive but unclassified”’ information in Uie federal government, t'sing Uiat 
baseline, require a further review and justification for the maintenance of any category . 
Tie remaining categories to an explicit statirton, or regulatory framework that includes 
procedures to request access to information and appeal decisions. 

• In implementing federal security policies for S&'I” personnel: 

o Engage S&T personnel in the development and implementation plans for security 
measures. 

o Continue to accept non-L'S citizens as visitors and in some cases stafi'. expedite 
security reviews for visitors, and more generally work to avoid prejudice against 
foreigners. 

o Focus and limit security elTorts to address the most importiuit security situations. 

• Create new or exp;uid exi.sting mechanisms to engage the S&T community in advisory 
capacities and to improve communication channels. 

o Encourage communication among the diverse communities involved in security 
issues -policy. S&T. national and homeland security, law enforcement, and 
intelligence -so that policies regarding scientific communication are both 
elTective and broadly accepted. 

o Build bridges among these communities, particularly in areas of S&T, such as the 
life sciences, where there is little history of working with the government on 
security issues. 


Secret Research and Classification of Infonnation 

Tlie US government handles issues of secrecy througli a complex mix of statutes, 
regulations, and procedures that govern the control of classified information, public access to 
go\ emment inlomiation. and the maintenance of government records. With two exceptions, the 
government has no authority to designate information produced outside this legal framework as 
classified. ‘ In the wake of September 1 1, President Bush exiended classification authority to 


' The first exception is through the Atomic Energy Act. information related to nuclear weapons may be “bom 
classified" without any prior involvement of the government in its generation The second exception, under the 
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several departments and ageneies that had not previously been involved in such matters, such as 
the Department of Agriculture, the Environmental Protection Agency, and the Department of 
Health and Human Ser\ ices. 

Controversies over whether are«is of scientific research should be restricted in the name 
of national security recurred throughout the Cold W;ir. During the early 1980s. the Reagan 
administration sought to restrict scientific communication in a number of fields. Tlial 
controversy eventually led to a presidential directive in 1985, influenced in part by a report from 
the National Academy of Sciences.^ National Security Decision Directive 189 (NSDD-189) 
states that federally funded fundamental research, such as tliat conducted in universities and 
laboratories, should ‘"to the maximum e.xtent possible*’ be unrestricted.^ Where restriction is 
deemed necessarv", the control mechanism is formal classification. "No restrictions may be 
placed upon the conduct or reporting of federally-funded fundamental research that has not 
received national security classification, except as provided in applicable US statutes." Hie 
policy set out in NSDD-189 is still in force and has been realTimied by several senior George W. 
Bush administration officials.'* 

Over the years, reports and statements from the National Academies and other 
organizations have strongly supported the principle set forth in NSDD- 1 89 as essential to 
maintaining the vitality of fundamental research in the United States.^ Some have suggested that 
President Bush should reissue the directive as a signal of its continuing importance and his 
administration’s commitment to scientific openness. Others are concerned that, given current 
conlro% ersies and security concerns, the interagenc\ process necessarx for such an action could 
result in a weaker presidential statement. At a minimum, tlie federal government could: 

• Continue to support the principle set forth in National Security Decision Directive 189 
that federally funded fundamental research, such as that conducted in universities and 
laboratories, should “to the maximum exient possible” be unrestricted. 

“Sensitive” Research and Controls on liifomiation 

Serious concerns can arise over whether information is properly cla.ssified, whether too 
much infonnation is classified, and how such decisions are made, but these debates over the 
classification of scientific research take place within a system of reasonably well-specified and 


Invention Sccrcc 7 Act of 1951. permits infonnation received as part of the patent-application process to be 
classified 

^ National Research Council. Saentific Communication and S'ational Security, Washington. DC: National Academy 
Press, 1982. 

’ “Fundamenlar research is defined as "basic and applied research in science and engineering, the results of which 
ordinarily are published and shared broadly within the scientific community, as distinguished from propnelary 
research and from industrial development, design, production and product utilization, the results of which ordinarily 
are restricted fw proprietar>' or national security reasons" (National Security’ Decision Directive 189. September 21, 
1985), 

* Letter to Dr. Harold Brown from Ccmdoleczza Rise. Assistant to the President for National Security Affairs. 
November 1 . 2001 . John Marbuiger. Director of the Office of S&T Policy. Executive Office of the President, 
reaffirmed NSDD 1 89 in a speech to a workshop on "Scientific Openness and National Sccunty” at The National 
Academies on Januarj’ 9, 2003. 

* Receiu examples include National Research Council, Assessment of Department of Defense Basic Research, 
Washington. 1X2 National Academics Press. 2005. p.6; Center for Strategic and International Studies. Security 
Controls on Scientific Information and die Conduct of Scientific Research.^O^IoshiTi^xoru DC: CSIS, June 2005 
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understood rules. Far more problematic is the interest in designating certain areas of research 
and certain tvpes of knowledge- wherever they are prtxiuced and however they are funded as 
“sensitive but unclassified" (SBU). 

Tlie problem of “sensitive information" is not new. Classification is only one of the ways 
in which the US government controls public access to information. .Across the federal 
government, there are dozens of categories that apply narrowly or broadly to specific types of 
infonnation (see Figure SCS*1).* Some of the categories are defined in statute, some through 
regulation, and some only through administrative practices. In addition, diflerent agencies may 
assign a varieU’ of civil and even criminal penalties for violation of their restrictions.^ 

Here, the fund;uiiental issue is the scope of restrictions that is. how much should the 
government liy to control? W'hen the primar\' US opponent was another tecivioiogically 
sophisticated state, the Soviet Union, the case could be made that one should focus on S&T areas 
that could tnily make a difference in terms of adding to Soviet capabilities or undermining those 
of the United Slates. With the fall of the Soviet Union, some argue that the range of less 
technologically sophisticated opponents, including terrorists, now confronting the United States 
means that the government should lr\' to deny access to the much w ider range of information and 
technologies that could be useful to them. 

While recognizing the legitimate concerns that others may take adN antage of open access 
to infonnation. technologies, and materials for malicious purposes, past e.xaminations of the 
potential tradeoffs between openness and security ha\e concluded that the Ignited Stales is best 
ser\ ed by focusing its efforts on protecting few er, ver\ -high- value areas of S&T.® ITiis is 
particular!) tnie in fields where knowledge is advancing quickly and diflusing rapidly; 
otherwise, the United States may e.xpend its efforts in attempts to control knowledge and 
technology that are readily available elsew here. In addition, many of the existing mid proposed 
lists of “sensitive" information and materials tend to consist of broad and general categories, 
making it potentially difficult for researchers to know whether their activities are in or out of 
bounds. 

Hiese considerations suggest two general principles and a number of specific 
recommendations : 

• Principle 1: Construct “high fences" around narrow areas — that is, maintain 
stringent security around sharply defined and narrow ly circumscribed areas, but 
reduce or eliminate controls over less sensitive material. 


* The CSIS Cofnmission on Science and Security m the 21st Century identified at least 20 tyf>es of information that 
could be considered “sensitive” wilhm the Department of Energy, most without consistent departmcnl-widc 
definitions or application (Center fcH* Strategic and International Studies. Science anti Secunly in the 2 1st Century: 
A Report to the Secretary of Energy on the Department of Energy Laboratories^ Washington, DC: CSIS, 2002, 

J Knezo, “ ‘Sensitive But UiKlassified’ and Other Federal Security Controls on Scientific and 
Technical Information History and Current Controversy”, Washington. DC; Congressional Research Service. 
Apnl 2,2003, p.lO. 

* This ts a fimcUmental conclusion of the Corson report and is echoed in other repeals, such as National Research 
Council, .4 Review of the Department of Energy Classification Policy anJ Practice, Washington, DC: National 
Academy Press. 1995. Commission on Protecting and Reducing Government Secrecy (the Mo>’nihan Commission), 
Secrecy, Washington. DC: US Government Printing Office, 1997; Center for Strategic and International Studies, 
Security Controls on Scientific Information and the Conduct of Scientific Research. WashmgfiOn, DC: CSIS. June 
2005. 




Genevieve 


SC%&S-4 



551 


o Regularly review and update the lists maintained by federal agencies of 
information and technologies subject to controls with the goal of restricting 
their focus and removing controls on readily available technologies, 
o Carr\’ out the process across as well as within agencies, and include input 
from the S&T community. 

• Principle 2: Avoid the creation of categories of SBU information and consolidate 
e.xisting ones. 

o Undertake a systematic review to determine the number and provisions of 
all existing types of SBl ' in the federal government, 
o Using that baseline, require a further review and justification for the 
maintenance of any category . Tie remaining categories to an e.xplicit 
statutoiA or regulator\ framework that includes procedures to request access 
to information and appeal decisions. 


“Deemed F'xports'': A Special Current C'ase 

The controls governed by the Export Administration Act and its implementing 
regulations extend to the transfer of “technologx Technology is considered **specific 

information necessary for the 'development,' 'production,' or 'use' of a product”, and providing 
such information to a foreign national w ithin the Ignited States may be considered a “deemed 
export'’ whose transfer requires an export license’ (italics added). Ilie primary responsibility for 
administering deemed exports lies w ith the Department of Commerce (DOC), but other agencies 
may have regulations to address the issue. Deemed exports are currently the subject of 
significant controversy. 

In 2000, Congress mandated iuinual reports by agency oflices of inspector general (IG) 
on the transfer of militarily sensitive technology to countries and entities of concern; the 2004 
reports focused on deemed exports. Ilie individual agency IG reports and a joint interagencx 
report concluded that enforcement of deemed-export regulations had been ineffective; most of 
the agency reports recommended particular regulatory remedies.*’ 

The IXK' sought comments from the public about the recommendations from its IG 
before proposing any changes. The department earned praise for this effort to reach out to 


’ “Generally, technologies subject to the Export Administration Regulations (EAR) are those which are in the United 
States or of US origin, in whole or in part. Most are propHietaix'. Technologies which tend to require licensir^ for 
transfer to foreign nationals are also dual-use (i.e., have both civil and military applications) and are subject to one 
or more control regimes, such as National Security, Nuclear Proliferation, Missile Technology, or Chemical and 
Biological Warfare ^ “ Deemed Exports" Questions and Ans\s'ers . Bureau of Industi)' and Security', Department of 
Commcrcc- 

The International Traffic m /\rms Rcgulaticms (ITAR), administered by the Department of Stale, control the export 
of technology, including technical information, related to items on the US Munitions List Unlike the EAR, 
however, “publicly available scientific and technical information and academic exchanges and information 
presented at scienufic meetings are not treated as controlled technical data ” 

® Reports were produced b\' the DOC, DOD, The Department of Energj' (DOE), and the Department of Stale, 
Department of Homeland Secunty', and the Central Intelligence Agencies. Only the interagency report and the 
reports from DOC, DOD, and DOE are publicly available. 
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potentially atTccled groups and is currently reviewing the 300 plus comments it received, 
including those from the leaders of the National Academies.*’ 

On July 12. 2005, the Department of I>?fense (1X)D) issued a notice in the Federal 
Register seeking comments on a proposal to amend the Defense Federal .Acquisition Regulation 
Supplement (DF.ARS) to address requirements for preventing unauthorized disclosure of export- 
controlled information and technology under IX)D contracts that follow the recommendations in 
its IG report. 'Die proposed regulation includes a requirement for access-control plans covering 
unique badging requirements for foreign \n oricers and segregated work areas for export- 
controlled intbrmation and technologx , and it makes no mention of the fundamental-research 
exemption.’" Comments are due by September 12. 2005. 

Many of the comments in response to the IXK' expressed concern that the proposed 
changes were not based on systematic data or analysis and could have a significant negative 
impact on the conduct of research in both universities and the private sector, especially in 
companies with a substantial number of employees who are not US citizeas. Similar comments 
are expected in response to the 1X)D proposals. .Among the recommendations that have been 
offered to date to address these concerns are the following: 

• Create a clearly defined regulator\ "safe harbor" for fundamental research so that 
universities can have confidence that activities within the sate harbor are in compliance 
with security restrictions, thus pemiilting a focus on whatever occurred outside the safe 
harbor.’^ 

• Do not change the current sx'stem of license requirements for use of expi^rt-controlled 
equipment in university basic research until the following steps have been implemented: 

o Greatly narrow the scope of controlled technologies requiring deemed e.xport 
licenses, and ensure that the list remains narrow going forward, 
o Delete all controlled technology from the list whose manuals are available in the 
public domain, in libraries, on the Internet, or from the manufacturers, 
o Delete all equipment from the list Utat is available for purchase on the open 
market overseas from foreign or US companies, 
o Clear international students and postdoctoral fellows for acce.ss to controlled 
equipment when tlieir visas are issued or shortly thereaffer so that tlieir admission 
to a university academic program is coupled w ith their access to use of export 
controlled equipment.’*’ 


Fiigaging the S&T Community in the Challenges of .\ehie>ing Security 

In the wake of September 1 1 and the anthrax mailings, the S&T community, as in past 
times of crisis and along w ith other .Americans, responded to the new challenges to US security. 
This response has occurred on main levels, from helping to analyze current and potential threats 

The letter from the Residents of the National Academies may be found at 
http://www7.nationalacadcmies-orgTscansAcadcmv_Presidcnts_Ccsnmcnts_to_DOC,PDF- 
Federal Register 70(132XJuly 2005) 39976— 78. Available at 
http ://a257.g akamailech.nct7/257/2422^1jan20051800'edocketaccess.gpo-gov/2005/05-13305-hlm 
See footnote 1 1 . 

These recommendations were made hy Dan Mote, j^csidcnl of the Unb ersity of Maryland, at a May 6, 2005. 
workshop at the National Academies and cited m the letter from the National Academies' prcsidenls 
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to working on ways in which advances in S&T can improve national and homeland security.*^ 
Iliis has required active engagement by the S&T community with policymakers, particularly in 
national and homeland security, in law enforcement, and in intelligence, w here many of the 
parlies at Ihe table are likely to lack experience dealing w ith one another. It also involves 
continuing efforts to ensure that highly qualified S&T personnel are attracted to working on 
problems related to national and homeland security. 

Press reports since September 1 1 have suggested tliai olTicials in the 1X)D and DHS are 
concerned about attracting eligible w orkers, especially those w itii specialties in demand in open 
piuls of the private sector. Since a significant portion of the work may be restricted or classified, 
this issue is largely a subset of the wider problem addressed in other background papers of 
ensuring that sutTicicnt qualified US citizens are available to do the work. It also involves 
ensuring that restrictions on non*US citizeas as employees arc appropriate. 

In addition, attracting personnel requires tlie creation of a work environment that w ill 
enable R&D in particular to be “cutting-edge'*. For example, scientists working in a restricted or 
classified en\*ironment. especially at federal laboratories, still need to interact w ith the wider 
scientific community, including foreign visitors and collaborators, w here much of the innovation 
most relevant to their work is taking place. In the w ake of a series of scandals over alleged 
security lapses in the IX)I‘ nuclear-weapons complex in the late 1990s, the department imposed 
a number of new and expanded security restrictions. This sparked substantial concern about 
ensuring that the scientific qiuility of the laboratories could be siLstained. imd several 
organizations made proposals they believed would provide an appropriate balance between 
openness iuid security, these including*^ 

• Engage S&T personnel in the development and implementation plans for security 
measures. 

• Continue to accept non-l^S citizens as visitors and in some cases staff, expedite security 
reviews for visitors, and more generally work to avoid prejudice against foreigners; 

• As with recommendations for other situations, focus and limit security eft'orts to address 
the most important security situations. 

Beyond attracting S&T personnel, it is essential to engage the broader S&T community 
in efforts to bring the latest S&T to bear on security problems. Much of the relevant research 
and many of the best ideas seem likely to come from outside the government and its own 
network of laboratories. Tapping these resources involves meeting several needs. One is 
ensuring an attractive climate for undertaking security-related R&D in universities and the 
private sector. .Another is engaging the S&T community in a variety of advisor)' capacities and 
communication channels. Some observers have recommended a variety of new mechanisms or 
expanded and revised roles for existing mechanisms, including the follow ing: 


For a comprehensive examination of the potential contributions of S&T. see National Research Council. Mc^ng 
/he Nation Safer: The Role of S&T in Countering Terrorism. Washington. DC National Academies Press. 3002 
Guides to additional reports and current projects of The National Academies related to homeland security may be 
found at http://www.nalionalacademies.org'subjecundex/'sec.html 
NaUonal Research Council. Balancing Scientific Openness and NaUonal Sectinty Controls at the Nuclear 
Weapons Laboratories, Washington, DC: National Academy FVess. 1999, Center for Strategic and International 
Studies, Science and Security in the 21st Century; A Report to the Secretary of Energ)' on the Department of 
Energy Laboratories. Washingtoa DC: CSIS. 2002. 
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• Encourage communication among the diverse communities involved in security 
issues policy, S&T, national and homeland security, law enforcement, and 
intelligence — so that policies regarding scientific communication are both effective 
and broadly accepted. 

• Build bridges among these communities, particularly in areas of S&T, such as the life 
sciences, where there is little histor>‘ of working w ith the government on security 
issues.*’ 


Sec the recommendations, for example, m National Research Council. in an Age of 

Terrorism. Washington. DC: the National Academies Press. 2004. 
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Scientific Communication and Security 
Appendix SC&S 
Figures 

Figure SC&S-I: F.xamples of“Sensilixe but I'nclassifled” aud Other Controlled 
Information. 
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Figure SC&S-l: Examples of “Sensitive but Unclassified” and Other Controlled 
Information. 


Data Categon- 

Desciiption 

FOIA Exenjpted 

Any mfonuation that is exempted from mandator\' disclosure under the 
Fre^m of luformauou Act 

Intelligence Actnities 

Information that mvoh*es or is related m mteUigence acUMUes. 
uKludiufi collection methods personnel, and uuclassifred mfonnation 

Cn.'ptologic ActiMties 

Information that im olves encryption deciyption of information: 
couummications secunt>' eqiupment leer's, algonthius. processes, 
mfonuation mvohing methods and mtemal workmgs of 
crsptoloffic eouipment 

Command and Control 

Infonuation in\ oImm the command and control of forces troop 
movements 

\\>apon and W'eapon 
Swiems 

Infonuation that deals with the design, functionaliti*. and capabilities 
of weapons and weapon svstems both frelded and im*helded 

RD&E 

Research, development, and engineenug data on un-fielded products, 
projects, systems, and programs that are m the develi^ment or 
acQuismon phase 

Logiscics 

Informatiou dealing with logistics, sillies matenals. parts and parts 
reoiusitions mcludins quantities and numbers 

Medical Care HIPAA 

Infonuation dealmg with personal medical care, patient treatment, 
prescriptions ph\*sician notes, paneut charts x-ra^^. diasuosis. etc 

Personnel Management 

Information dealmg with personnel, includmg evaluations mdi\idual 
salanes assieumeuts and mtemal personnel manaeemeut 


Information covered bv the Pnvaev Act of 1974 (5 U S C $ 552A) 

Contractual Data 

Information and reccnxls pertaining to contracts bids, proposals, and 
other data mvobine sovemment contracts 

Insestigative Data 

Infonuation and data pertaiumg to official cnminal and ci\il 

ms esiigatious such as mvestigator notes and attomey-cheut pnxileged 

information 


Source: Congressional Research Service. "Sensitive But Urwlamfied” and Other Federal Security Controls on 
Scientific and Technical Information: History and Oirrent Controversy. (CKS Report for Congress. Order Code 
RL31845.) Februar>-20,20(M. 
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Iliis paper summarizes findings and reeommendations from a variety 
of recently published reports and papers as input to llie deliberations of 
the Committee on Prospering in the Global Economy of the 21st 
Century. Statements in this paper should not be seen as the 
conclusions of the National .Academies or the committee. 


Science and Technology Issues in National and Homeland Security 

Summars 

Keeping a technological edge over adversaries of the United States has long been 
a key component of our national seciuity strategy. US preeminence in science iuid 
technology (S&T) is considered essential to achieving that goal, so throughout the Cold 
War tlie United States generously funded research and development, including basic 
research, that could contribute to national security. Since 1950. “defense’’ funding has 
been the largest component of the overall federal R&D budget, and it ha.s been a majority 
of that funding since FV 1981 (see Figure N'HS-1). Tliat investment has provided 
substantial spinolTs to the private sector, adding to the knowledge base and innot ation 
that have fueled US productivity and prosperity. 

In the wake of Ute September 1 1 attacks and the anthra.x mailings, tlie nation has 
looked to S&T to help meet the new challenges of homeland security. Meanw hile. the 
US militaiy is in the midst of a ■'transfonnation" that depends on taking advantage of new 
and emerging technologies to respond to the dilfuse and uncertain threats that 
characterize the 2 1 st centuiy. 

The current pursuit of national and homeland securits is taking place in a 
profoundly different environment, how ever, llie end of the Cold War and tlie increasing 
commercialization and globalization of the traditional .sources of S&T innovation for 
security have produced significant challenges for US national mid homeland security 
policies. Many proposals to ensure continuing US S&T leadership see defense funding 
as essential to supporting this goal, requiring policies that would be able to serve both 
economic and national and homeland security objectives. 

Federal actions that have been proposed include the follow ing: 

• Raise the level of S&T spending to .T’ o of Department of Defense (1X9D) 
spending and restore DOD’s historical commitment to basic research by directing 
20“o of its S&T budget to long-temi research. 

o Increase the budget for mathematics, the plw sical sciences, and 
engineering research by a year for the iie.vt 7 years w ithin the 
research accounts of the Department of Energy (DGE). the National 
Science Foundation (NSF). the National Institute of Standards mid 
Technology (NIST), and the DGD. 

o Within the 1X9D. set the balance of support for 6. 1 basic research more 
in favor of unfettered exploration than of research related to short-term 
needs. 
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• For homeland security R&D: 

o Commit to increase the portion of support that the IX-partment of 

Homeland Security (DHS) devotes to basic research, perhaps by setting 
targets to be achieved within 5-10 years as the most immediate needs arc 
.satisfied. 

o I ndertake a comprehensive review to identify opportunities across the 
entire federal homeland security R&D budget to support increased 
investments in basic and applied research, 
o On the applied R&D side, search for technologies that can reduce costs or 
provide ancillary benefits to civil society to ensure a sustainable eflbrt 
against terrorist threats. 

• Conduct a review of the current military and dual-use export-control systenvs 
to identify policies that narrow ly target exports of concern w ithout needlessly 
burdening peaceful commerce; .strengthen the multilateral cooperation 
essential to any effective export-control regime; streamline export 
cla.ssification. licensing, and reporting processes; and afford the President the 
authority and flexibility needed to advance US interests. 

• Establish a new framew ork for coordinating multilateral export controls based on 
harmonized export-control policies and enhanced defense cooperation with close 
allies and friends. 

• .Assess w hether the current system of the national laboratories that carry out 
defense-related research has tlie structure, personnel, and resources to provide 
the eutting-edge work and iraiovation to support national and homeland 
security R&D needs. 

• Create a new National Defense Education .Act (XDE.A) for the 21st century. 

ITie new NDE.A would include portable graduate fellowships, institutional 
traineeships, incentives to create professional science and engineering (S&E) 
masters programs, undergradiuite loan forgiveness, grants to support new and 
innovative undergraduate curricula, grants to c.xpand K-12 education outreach, 
summer training and research opportunities for K-12 teachers, employer S&E 
and foreign-language educational tax breaks, national laboratory and federal 
service professional incentives, and additional funds for program evaluation. 

The National and llomrland Security R&D Portfolio 

With the end of the Cold War, US defense investment, already declining in the 
wake of the Reagan .Administration's massive buildup, entered the longest periixl of 
sustained decline since the end of World War II. with deep cuts in funding for weapons 
procurement and R&D. September 1 1 and the wars in .Afghanistan :md Iraq have more than 
restored overall funding levels, but serious concents remain about the size and even more 
the mix of tlic R&D portfolio. In recent years, more and more emphasis has gone to 
development as opposed to research (see Figure NHS-2). Ihe portion of die IX)D R&D 
budget devoted to basie research (the “6. 1” aceount) has declined in constant dollars from 
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3.3“o in F^' 1994 lo an estimated 1.9“o in FY 2005 (see Figure NHS-3).' In addition, within 
that account there has been increasing emphasis on research that appears more likely to yield 
short-term pay-olTs rather than the more open exploration that has been so important to past 
advances. Tlie President's budget request for F^’ 2006 called for a 13“o cut in the 6. 1 
account, which by July 2005 the House of Representatives had partially restored to a 4“o 
decrease. I'he House also called for a 4.2 ®o gain in applied research (the “6.2" account) 
rather than the 15®o reduction called for by the President’s budget request, althougli the gain 
would come largely in the fonn of earmarks.^ 

Heyond meeting Uie immediate perceived R&I3 needs of the US militarvy broad 
service policy documents, such as Joint Vision 20/0 and 2020, look toward substantial 
expansions in the breadth and depth of S&T to support US strategy.^ The transfonnation 
goals set forth in fX JD’s 200 1 Qu.adrennial Defense Review (QDR) also depend on 
continuing to exploit the enhanced capabilities that can emerge from advances in S&T; the 
report called for significantly increasing S&T spending w ithin the DOD budget.'* 

.Achieving these goals will require a return to the traditional strong support for basic 
and applied research, in particular in the physical sciences and engineering. These goals 
also will demand initiatives in new ;uid emerging areas of S&T, such as those called for by 
the QDR and a recent Defense Science Bo.ard study.’ In addition, tliesc chimges are 
considered essential to sustaining the role that defense research has played in improving the 
broader he.alth of the US S&T enterprise. 

.Among the actions that have been proposed for the federal government are these: 

• Raise the level of S&T spending to 3“b of IX)D spending* and restore IXJD’s 
historical commitment to basic research by directing 20'’o of its S&T budget 
to long-term research.^ 

• Increase the budget for mathematics, the physical sciences, and engineering 
research bv 1 2“o a vear for the next 7 years w ithin the research accounts of 
IXJE, NSF, NIST, boD. 

• Within DOD, set the balance of support for 6. 1 basic research more in favor of 
unfettered exploration than of research related to short-term needs. 

Funding for R&D for homeland security is a much more recent enterprise. Ilie 
majority of US homeland securits’ R&D funding actually occurs outside DHS (see Table 
NHS- 1 ).* .After annual increases of more than $200 million in each of its first 3 years. 


* Funding for the 6.2 “applied research" account has gone up and down but now is 5.5 % in FY 2005 
compared with 7 6 •/« in FY1994 Constant dollar and Percentage calculations by the Council on 
Competitiveness based on AAAS. “Historical Tabic: Trends in DOD 'S&T.' 1994-2005" 

* AAAS. “Update on R&D in FY 2006 DOD House Appropnations". July 2005 

* National Research Coxmeii Assessment of Department of Defense Basic Research, Washington. DC: 
National Academies Press. 2005 

‘ Department of Defense. Quadrennial Defense Review Report, Washington. DC: Department of Defense. 
2001 

* Defense Science Board. The Defense Science Board 2001 Summer Study on Defense Saence and 
Technology, Washington. DC: DSB. 2001 

‘p41. 

Council on Competitiveness, Innovale America: National Innovation Initiative Summit and Report: 
Thriving in a Worldof Challenge and Change, Washington. IX): Council on Competitiveness. 2004 

* AAAS. “Table 4: Federal Homeland Sccunty-Rclated R&D by Agency’*. N'brch 2005. 


NHS-3 




560 


the FY 2006 budget request for DHS R&D slowed to a 3.6°o increase, or S44 million, for 
a total of $1.3 billion. To date, both the House and the Senate have essentially retained 
the requested levels, but each has made changes in how the funds would be allocated. 
F,fforts to consolidate all DHS R&D programs into tlie department's Directorate for S&T 
are scheduled to be completed in F Y 2006.’ 

Basic research is at present a relatively small portion of the federal homeland 
security R&D portfolio. The priority is instead on elTorts to use S&T to develop and 
field new methods and measures to increase security as quickly as possible.” Ihe 
primars exception is the biodefense program, in particular the very large National 
Institutes of Health research program. 

The question of the baUuice across the homeland security R&D portfolio is an 
open issue. If more funding for basic research is a goal, options for the federal 
government include the following: 

• Commit to inerca.se the portion of support that DHS devotes to basic research, 
perhaps by setting targets to be achieved w ithin 5-10 years as the most 
immediate needs are satisfied. 

• Undertake a comprehensive review to identify opportunities across the entire 
federal homeland security R&D budget to support increased investments in 
basic and applied research. 

• (>i the applied R&D side, search for technologies that can reduce costs or 
provide ancillars benefits to civil society to eitsure a sustainable elTort against 
terrorist threats. 


New Sources of Innovation for Security: The fechnology Transfer Dileiiinia 

Traditionally, I'S government programs were the primary driver for research into 
new defense-related teclinologies. The IX)D relied on a dedicated domestic industrial 
base, supported largely by the results of generous DOD-funded R&D in the commercial 
sector and universities. 

That Cold War model no longer exists because of the deep cuts in US defense 
research investment already discussed and the dranutic increa,ses in private sector R&D 
investment, particularly in the high-teclmology areas such as infonnation and 
communications teclutologies essential to transfomiation. Hie US government has 
attempted to come to tenns with this new situation througli a variety of initiatives to 
enable it to take advantage of innovation from the commercial .sector that could "spin on” 
to enhance military capabilities. 

The dramatic consolidation and increasing globalization of many sectors of the 
traditional defense industrial base also have encouraged US efi'orts to find ways to 
enhance technology cooperation w ith close friends and allies. In the decade following 


9 AAAS. "RAO Flli(lif« L'pdUe on RAD in Die FY 2006 DHS Biiifccl". 200.' 

For a comprehensive e.samination of the potential contributions of science and technology, sec National 
Research Coimcil, Making tfie Nation Safer: The Role of Science and Technology in Countering 
Terrorism. Washington. DC The National Academies Press. 2002. Guides to the additional reports and 
current projects of the National Academies related to homeland security may be found at 
http WWW nationalacademies org;'subiectinde.x'sec html 
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the end of the Cold War, the 15 major US defense contraetors shrank to four huge firms 
(see Figure NHS-4)." Many US defense firms have embraced a global business model, 
and non-US firms, primarily from Europe, have gained access to the US defense market 
on their own or in cooperation with US companies.’^ 

Tliese fundamental changes in the sources and structures of innovation for 
national security have also made it easier for US adversaries to gain access to knowledge 
and technologs’ that could improve their capabilities. Policies to draw on innovation 
from firms in the commercial sector w ith global markets and inteniational workforces or 
to enhance inteniational technology cooperation potentially clash with longstanding US 
efforts to control the leakage of teclmology. September 1 1 and increasing concerns for 
terrorism especially using nuclear, chemical, or biologic — agents, have e.vacerbated 
these tensions. Faced with adversaries who are far less technologically sophisticated or 
who are relying on technology to make rapid advances in their capabilities -and for 
whom a much broader range of US technologies is thus potentially relevant than for a 
technologically advanced opponent like the Soviet I'nion there is a natural inclination 
to broaden the scope of I'S control elTorts to cover as much as possible that could be of 
use. 

■flierc is increasing concent that current policy initiatives serve neither technology 
transfer and cooperation on the one hand nor proliferation prevention on the otlier.'^ In 
part, this is because technology-transfer policj' is being pursued largely through a polic\' 
apparatus constructed during the Cold War that critics from mans’ quarters charge has 
never genuinely adjusted to the new tlireats facing the L'nited States. .According to 
critics, continued reliance on this apparatus — in particular, tlie current e.vport-control 
regime for militars’ and so-called dual-ase goods and technologies — might do relatively 
little to prevent others from gaining access to US prixiucts and know-how while 
damaging the capacity of the United States to draw on imiovation in the commercial 
sector for both economic and national and homeland security objectives. 

While erities generally share profound dissatisfaetion with the current system, 
tliere is little coasensas within or among the federal government. Congress, and the 
affected communities about remedies for the situation. These disputes are not new, but 
the\’ take on particular force now because of tlie depth and extent of the disputes and 
because of their potential impact on elTorts to promote the health and capacity of the US 
S&T enterprise. 


" A R Markusen and S S Costigaa “The ktilitary’ Industrial Challenge”, in Markusen and Costigan (eds.). 
Arming the Future: A Defense Industry for the 21st Century. New York: Council on Foreign Relations. 
1999. p 8 

‘ “Transformed? A Survey of the Defence Industry", The Economist, July 20, 2002; and K Ha>'ward, 
“The Globalization of Defence Industries". Survival. Summer 2001 
See, for example. National Intelligence Council, Mapping the Global Future: Report of the National 
Intelligence Council’s 2020 Project, Washington, DC NIC, December 2<X)4, and Defense Science Board 
Task Force on Globalization and Security. Final Report, Washington, DC Office of the Under Secretary’ 
of Defense fcH' Acquisition and Technology. 1999 

See, for example. Defense Science Board Task Force on Globalization and Security. Final Report: CSIS. 
Tecimolog^' and Security in the 21st Century: USMilitafy Export Control Reform: Government 
Accountability Office, Defense Trade: Arms Export Control System in the Post-9/1 1 Environment, GAO- 
05-234, February 1 6, 2005; and GAO, Defense Trade: Arms Export Control Vulnerabilities and 
Inefficiencies in the Post-9/11 Seaihty Emironment, GAO-05-468R, April 7, 2005. 
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For the federal government, there are a number of possible options, including 

these: 


• Conduct a review of the current US militarx’ and dual-use export control systems to 
identify policies that narrowly target exports of concern without needlessly burdening 
peaceful commerce; strengthen the multilateral cooperation essential to any elYective 
export-control regime; streamline export classification, licensing, and reporting 
processes; and afi'ord the President the authority and flexibility needed to advance US 
interests.'^ 

• Establish a new framework for coordinating multilateral export controls based on 
harmonized export-control policies and enhanced defense cooperation with close 
allies and friends.*® 

The Role of the National Laboratories in National and Homeland Security 

Over the course of the Cold War, the United States created a system of national 
and federal laboratories, some devoted exclusively to research related to national security 
and some serving multiple roles. 'ITie DOE. for example, maintains 10 national 
laboratories that are managed through contracts with universities and private firms.*’ ilie 
DOD maintains a much larger system. Other laboratories maintained by such agencies as 
National Aeronautics and Space .Administration may also conduct defense-related work. 

DIIS has turned to some of the existing DOE laboratories to support its new R&D 
enterprise;** it also is creating the National Bioterrorism .Analysis and Countenneasures 
Center to handle its large biodefense-research portfolio. Some of these laboratories do a 
mix of classified and unclassified research, and others carrv' out only unclassified work, 
in some cases to ensure the maximal openness for their basic-research programs. 

Since the end of the Cold War, questions have arisen periodically about the 
continuing relevance of the national-laboratorv' system. Periodic reviews of the DOE 
laboratories, for example, have proposed substantial changes, including consolidation of 
the laboratories and significant changes in management structures.” More general 
concerns include how to ensure the quality of scientific personnel in the laboratories and 
whether measures should introduce greater competition to increase the incentives for the 
laboratories to draw on the best personnel and ideas in the private sector.^® 


Center for Strategic and Inlcmalional Studies, Technology and Security in the 21st Centufy\' US Military' 
Export Control Reform. Washington, DC: CSIS, 2001- 

** lienrv' L. Stimson Center and Center for Strategic and International Studies, Enhancing Multilateral 
Export Cwtrols for VS National Security, Washington, DC: The Ilenr)' L Stimson Center, 2001, 

See. for example. http:/M'\^'w.energy.gov/engine 'content.do?BT_CODE*ST_SS16. 

** See ht^D;//ww>^'.dhs,gov/dhspublic/d>splay?theme=27&content=3000. 

See, for example. Department of Energy, Task Force on Alternatives Futures for the Department of 
Energy National Laboratories (Galv in Comm ission), 1 995; General Accounting Office, Department of 
Energy National Laboratories Need Clearer Vision and Better Management, GAO/RCED -95- 1 0, Januaiy 
1995; National Research Council, Maintaining High Scientific Quality at Los Alamos and Livermore 
National Laboratories. Washington, DC: National Academies Press, 2004. 

“ See. for e.xample. National Research Council, National Laboratories: Building Neve fVays to Work 
Together — Report of a Workshop. Washii^ton. DC: National Academies Press. 2005. and the suggestions 
about personnel in Defense Science Board. The Defense Science Board 2001 Summer Stutfy on Defense 
Science and Technology. Washington, DC : DSB, 200 1 . 
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Options for the federal government to address these issues include an initial effort 
to: 


• .Assess whether the current system of the national laboratories that carry out defense- 
related research has the structure, personnel, and resources to provide the cutting- 
edge work and innovation to support national and homeland security R&D needs. 


National Defense Education Act 

Adopted by Congress in 1958. Uic original NDE.A was intended to boost 
education and training in security and national-defense related fields. NDE.A was a 
response to the laimch of Sputnik and the emerging tlireat to the United States posed by 
the Soviet l^nion. 'ITie NDEA was funded with approximately S400 million to $500 
million (in constant 2004 dollars). NDE.A provided funding to enhance research 
facilities: fellowships to thousands of graduate students pursuing degrees in science, 
mathematics, engineering, and foreign languages: and low-interest loans for 
undergraduates in these areas. 

Hy the 1970s, the act had been largely superseded by other programs, but its 
legacy remains in the form of several federal student-loan programs.^* Tlie legislation 
ultimately benefited all of higher education as the notion of defense was expanded to 
include most disciplines and fields of study. 

Ilie IX)D workforce is critical to our nation's security planning. Iliis workforce, 
however* has experienced a real attrition of more than 13.000 personnel over the la.st 10 
years. .At the same lime. DOD projects that its workforce demands will increase by more 
than 10°o (by 2010). Indeed, several major studies*^ since 1999 argue that the number of 
US graduates in critical areas is not meeting national, homeland, and economic security 
needs (see Figure NHS-5). Science, engineering, and language skills continue ha\'e ver\’ 
high priority across government and industrial sectors. 

Many positions in critical-skills areas require security clearances, moaning that 
only US citizens may apply. While over 95*^0 of undergraduates are US citizens, in many 
of the S&E fields less than 50°o of those earning PhDs are l^S citizens. Retirements also 
loom on the horizon: over 60®o of the federal S&E workforce is over 45, a large 
proportion of whom are employed by DOD (see Table NIIS-2). DOD and other federal 
agencies face increased competition from domestic and global commercial interests for 
top-of-lheir-class, security-clearance-eligible scientists and engineers. 

To ensure adequate human resources in fields important for homeland security, 
the National Research Council in the report Making the Nation Safer recommended that 


Association of American Universities. A National Defense Education Act for the 2lst Century’. Renewing 
Our Commitment to US Students, Science. Scholarship. andSocie^^, Washington DC: AAU, 2005 
Available at; http://wwi** a au ed u^'educatiorv’NDEAOP pdf 

Michael Parsons. 2005. “Higher Education Is Just Another Special Interest". The Chronicle of Higher 
Education B20 Available at; http: ’/chronicle com/pnn/weekly/v51/i22/22b02001 him 
** See, for example, the National Science Board's companion paper \o Science and Engpieenng Indicators, 
2004. Arlingtoa VA. National Science Foundatioa 2004. 
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there be a himian-resource development program similar to the NDEA.^'* National 
weapons laboratories have instituted specific programs to recruit and hire critically 
skilled people to slalTnuclear-stcKkpile stewardship programs — for which US citizenship 
is a primary^ consideration- -including graduate and postdoctoral internship programs, 
programs involving local high schools and universities, and support for current 
employees to gain additional training (see Table NHS-3). Human-resources ofYices are 
attempting to solve workforce problems through a number of independent actions. Many 
agencies now have direct-hire authorities and can offer significant signing bonuses in 
special cases. A recent Government Accountability Office report indicates these 
multiapproach programs arc a major reason that 1X)D laboratories currenth do not have 
significant problems locating the necessar\^ people to fill critical-skills positions.^^ 

DOD has proposed, as part of the department’s 2006 appropriations,^*^ to create 
and fund NDEA 2005 (see Figure NHS-6). This program would eMend a 2004 pilot 
SMART program and, as with the original NDE.A, would provide scholarships and 
fellowships to students in critical fields of science, mathematics, engineering, and foreign 
languages. It would expand on the original act in providing scholarships to 
undergraduates, including those pursuing associate degrees. ITie program would cover 
tuition, room and board, internships, tutors, and travel for all students. DOD requires a 
ser\ ice commitment on completion of studies. 

DOD has requested $10.3 million in its FY 2006 budget request for this program. 
SMART was initiated in 2005 as a pilot program and funded at $2.5 million. The 
program has generated considerable interest among students: SMART currently funds 25 
students, but DOD vetted over 600 applications.^’ 

Possible actions include: 

• Create a new NDEA for the 21 si centurv' to promote the education and training of 
students in science, technology, engineering, mathematics, and foreign languages. 
Tlie new NDE.A would include portable graduate fellowships, institutional 
traineeships, incentives to create professional S&E masters programs, 
undergraduate loan forgiveness, grants to support innovative undergraduate 
curricula, grants to expand K-12 education outreach, summer training and 
research opportunities for K-12 teachers, employer S&E and foreign-language 


^ National Research Council, Making the Nation Safer: The Role of Science and Technology in Countering 
Terrorism, Washington, DC; National Academy Press. 2001. 

Government Accountability Office, National Nuclear Security Administration: Contractors’ Strategies to 
Recruit and Retain and Critically Skilled Workforce Are Generally Effective (GAO-05-164), Washington 
DC: GAO, 2005, 

“ See H.R. 1815, National Defense .Authonzation .Act for Fiscal Year 2006 § Sec, 1105. Science, 
Mathematics, and Research for Transformation (SMART) Defense Education Program— National Defense 
Education Act (NDEA). Phase I. Introduced to the House on 4/26/2005; on 6/6/2005 referred to Senate 
committee, status as of 7/26/2005: received in the Senate and read twice and referred to the Committee on 
Armed Services 

^ Jeffrey Brainard. . “Defense Department Hopes to Revive Sputnik-Era Science-Education Programs”. 

The Chronicle of Higher Education 51(36X2005); A18. Available at: 
http:/, chronicle, com/pmi/weekly/v51/i36/36a01 802.htm, 
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educational lax breaks. national-laborator\' and federal-ser\*ice professional 
incentives, and additional funds for program evaluation.** 


“ National Research Council. 2001 Making the Nation Safer: The Role of Science and Technology in 
Countering Terrorism. Washington, DC: National Academy ftcss, Ronald M Sega. Director of Defense 
Research and Engineering, DoD, Testimony Before the Subcommittee on Emerging Threats and 
Capabilities of the Senate Armed Services Committee, March 9, 2005. Available at http //armed- 
services senate gov'statcmnL'2005 'March/Scga"/o2003*09-05 pdf . and Association of Amencan 
Universities 2005. A National Defense Education Act for die 21" Century. Renewing Our Commitment to 
US Students, Science. Scholarship, and Society (White paper) Washington DC: AAU. Available at 
http Vw ww aau edu/educalion/NDE AOP. pdf. 
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Science and Teclmoloa,v Issues in Nationai and Ilonieland Security 
Appendix .MIS 
Figures and Tabies 

Figure NHS-1: Since 1950, Defense Funding Has Been the Largest Component of 
the Overail Federal R&l) Budget, and It Has Been a .Majority of I'hat Funding since 
FA 1981. 
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F'igure MIS-3: The Portion of the DOD R&D Budget Devoted to Basic ReseaixTi (The 
“6.1” .Vccount) Has Declined in Constant Dollars. 

Table MIS-I: The Majority of I'S Ilonieland Security R&D Funding .Vctually 
Occurs Outside the Department of Homeland Security. 

F igure iMIS-4: In tlie Decade F'olloxviiig the Knd of the Cold War, tlie 15 Major l^S 
Defense Contractoisi Shrank to F'our Huge Finns. 

F'igure NHS-5: The .Number of I'.S Craduates in Critical .Vreas Is Not .Meeting 
.National, Homeland, and F'conomic Security Needs. 
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Proportion of W hom .Are F.niployed by IK)D. 

fable .MIS-3: National Weapons Laboratories Have Instituted Specific Programs 
to Recruit and Hire Critically Skilled People to Staff Nuclear-.Stockpile .Stewardship 
Programs, fur W hich VS Citizenship Is a Primary Consideration. 

Figure NHS-6: DOD Strategy for NDF..\ Within Its Current Portfolio of Workforce 
Programs. 
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Figure NHS-1; Since 1950, Defense Funding Has Been the Largest Component of 
the Overall Federal R&D Fudget, and It Has Been a Majoritv' of That Funding since 
F\^ 1981. 



Source: American Association for Ihe Advancement of Science. Chart: Federal Spending on Defense and 
Nondefense R&D. " Washington. DC. Febniaiy, 2005. Available at: ttp://www. aaas.org/spp/rd/histdc06.pdf 


Figure lSHS-2: In Recent Years,Mmore and .More Empliasis Has Gone to 
Develonnient as Opposed to Re.search. 



2006" Washington. DC. Febmaiy. 2005. Available at: http://www.aaas.org/spp/rd/trdef06c.pdf 
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Figure NHS-3: I'lie Portion of the DOD K&U Budget Devoted to Basic Research 
(The “6.1” Account) Has Declined in Constant Dollars. 



National Science Board. Science and Engineering IndicaSors 2004 (NSB 04-01). Arlington, Virginia. 
National Science Foundation. 2004. 
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Table NHS'l: The Majority of I'S Ilmneland Security R&D Funding Actually 
Occurs Outside the Department of Homeland Security. 


<budget authority m mlbons of dollars) 



FY 2002 

Actual 

FY 2003 

Actual 

FY2004 

Actual 

FY 2005 

Esbmata 

FY2006 

Budget 

Change FY 05*06 

Amount % 

Agricutture 

175 

155 

40 

161 

172 

11 

68% 

Commerce 

20 

16 

23 

73 

82 

9 

11.9% 

Department of Defense 

259 

212 

267 

362 

394 

32 

8 7% 

Department of Energy 

SO 

48 

47 

92 

81 

-12 

•12.5% 

Department of Homeland Secunty 

266 

737 

1.028 

1,243 

1,287 

44 

36% 

Environmental Protection Agency 

95 

70 

52 

33 

94 

61 

1851% 

Health and Human Services 

177 

1.653 

1.724 

1.796 

1,802 

6 

04% 

• Mafionel /rutitules of Health 

f62 

J,633 

1.703 

f.774 

1,781 

6 

04% 

National Aeronautics and Space Adm 

73 

73 

68 

88 

92 

4 

4.5% 

National Science Foundation 

229 

271 

321 

326 

329 

3 

10% 

Transportation 

106 

7 

3 

0 

0 

0 


Another 

46 

47 

32 

42 

92 

50 

118 8% 

Total Homeland Security R&D 

1.499 

3 290 

3.626 

4.216 

4.425 

208 

49% 

(Total Homeland Secwity Spending) 

32.681 

42.447 

40.834 

48.015 

49,943 

3.928 

85% 


AAAS. based on Office of Management and Budget data from QMS's 2003 Report to Congress on 
Combating Termnsm and BmigetoftheUS Government FY 2000 Figures ac^usted from OMB data 
by AAAS to include conduct of R&D and R&D facilities, and revised estimates of DHS R&D 
Figures do not include non*R&D homeland security activities, nor do they include DOD R&O investments in 
overseas combabng terronsm 

Funding for all years includes regular appropnations and emergency supplemental appropriations 
REVISED February 17, 2005 

Source: American Assoctaticm for the Advancement of Science. Guide to R<iD Funding Data: Historical 
Data. Washington. DC. 2005. Available at. http. /www-aaas.org.'spp.'rd'guihisl him 
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Figure NHS-4: In The Decade Following the End of the Cold War, the 15 Major US 
Defense Contractors Shrank to Four Huge Finns. 


Figure U,S. Oefemc Mcrgm in th« 1990i 



SoNKT; AfldAUur fraaillwD(partiMnlo<Ddemepubbc«tion(mi. lOOGnu^unnKminivtirLdfjnt AitUr VWanirt^Pnmr 
Contrail Awtnh frm At ftial Yran «f 1993 mid 19M. 


Source; Ann R. Markusen and Scan S. Costigaa Arming Tite Future. New Yoik: CouiKil on Foreign 
Relations Press. 1999. Figure 1-1, p 8. 
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Figure NHS-5: The Number of US Graduates in Critical Areas Is Not Meeting 
National, Homeland, and Economic .Securits' Needs. 


llUWSULMMSIin t IIULSOUX,) 
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♦ 
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400.00- 

Getting worse 
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-Spring 2004 data only 
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UNFILLED REQUISITIONS for 

uscrriZEN sciences 

ENGINEERING SPECIALISTS 
by DEGREE* 



Bs MS pro 


Source; Edw’ard Sw*allow. OiairNDIA Space Division and Chair. Industry Study on Oritica) Workforce 
Issues. Presentation at the National Defense Industry Association meeting. April 2005. Available at: 
hltp;//procecdings.ndia.org/434(Vswallcnv.pdr 
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Table NnS-2; 0>er 60 % of the Federal S&K Workforce Is Over 45, a Large 
Proportion of \Mioni Are Fniployed by IK)I). 


1999 2000 2001 2002 




1 43.5% 1 

i 43.1% 

43.4% 

1 All sci 

26.1% 

25.4% 1 

25.6% 

26.9% 


45.5% 


I 44.0% 

45.3% 

Life sci 

11.4% 

1 11.2% 1 

11.0% 

10.9% 

Physical sci 



26.1% 

26.2% 

Social sci 



19.7% 

19.6% 

All eng 



66.2% 

66.7% 

Aerospace 

1 44.7% 1 

1 43.6% 1 

43.0% 

42.8% 

Chemical 



65.7% 

67.6% 

Civil 

61.8% 

1 61.3% 1 

60.6% 

60.1% 

EE&Comp 

79.3% 


78.5% 

79.1% 

Industrial 

81.1% 

80.2% 

79.4% 

79.4% 

Mechanical 

88.2% 

88.2% 

88.4% 

89.2% 

Other eng 

54.6% 

55.1% 

55.5% 

55.9%' 


Source: Pre-rclcasc - OPM dala for NSF SJfeE Indicators 2005. Table B-I4 Federal scientists and 
engineers, by agenc>' and major occupational group. I999'2002 


Table .N'HS-3: National \>’eapons Laboratories Have Instituti'd Specific Programs to 
Recruit and Hire C ritically Skilled People to Staff Nuclear-Stockpile Stewardship 
Programs, for >Miicli I S ( iti/enship Is a Prinian Consideration. 



ProKraai 

.Sponiior 

Pre ( :ollef!t(kl2) 

Materials World Modules 

Armv 


STARBASE 

OSD-RA 


eCybcrmission 

Army 

Undergraduate 

Awards to Stimulate and Support 
Undergraduate Research Education 

_ 

Research Assistantships in Microelectronics 

.AFOSR with NSF 

DARPA with Semiconductor 
Industries Association 


Science. Mathematics, and Research for 
Transformation (S\L\RT) 

AFOSR 

Graduate 

National Defense Science and Engineering 
Graduate Fellowships 

NDSEG 


Naval Research — S&T for Americas 
Readiness (N-STAR) 

Navy with NSF 

1 

SNfART 

AFOSR 


Source Bill Berry. Acting [>epuly Undersecretary (or Laboratories artd Basic Science. “STEM Education 
Act" Presentation at STARBASE Directors* Conference. Apnl 7, 2005. Available at 
http ' WWW starhasedod com/resources/SME®«20Briefing-STARBASE%20Directors®o20ConPi»204-7- 
05v5%20wo* o20Backup.ppt 
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Figure NHS-6: DOD Strategj' for NDEA VVilhin Its Current Portfolio of Workforce 
Programs. 


Notional NDEA 2006 Strategy 



1 EIrmrntan 

1 School 

Middle 

School 

.. . ' 1 Ddci- 

Ilisti School: 

1 1 sraduaif 

I Graduate ^ 

1 School j 


GovernmcDl aod 
Industn' EmployiDfoi 


Tlmr 



NDEA 2006 recommendations reflect a strategy which 
sets preconditions for an adequate S&E workforce pipeline based 
upon providing S&E-related educational opportunities 


Source; Edward Swallow. Chair NDIA Space Division and Chair. Industry Study on Qritical Workforce 
Issues. FYesentation at the National Defense Industry Association meeting. April 2005. Available at; 
http://proceedings.ndia.org/4340/swaltow.pdr 
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APPENDIX F 


K-12 EDUCATION RECOMMENDATIONS SUPPLEMENTARY 
INEORMA'IION 


Jl 'STIFICATION FOR NLMnKRS OF TI* ACHFRS AND STl DENTS 
IN THE AP-IB AND PRE AP-IB PROGRAMS RECOMMENDED ACTION A-2. 

Students 

The goal is to have 1,500,000 high school students taking at least one advanced placement (AP) 
or Inlemalional Baccalaureate (IB) mathematics or science exam by 2010, an increase to 23®o 
from of I’S higli school juniors and seniors who took at least one AP math or science exam 
in 2004. with 700.000 piissing the exam* (see Exhibit 1 ). AP-IB classes must be open to all 
students. 


Exhibit 1: US Public School Enrollment and AP Participation 



I’rojccted 2004* Projected 201(t' 

Total aradc 9-12 enrollment 

14.700,000 

14.60O.UO0 

Total ftrade 11-12 enrollment 


6.500.001.1 





Actual 2004' 

Injected 2010 

Number of high school Jr./Sr. taking 
at least one AP mathemattes or 

science exam 

380,000 

1.500,000 

Percent of Jr ./Sr. taking at least one 
AP mathemattes or science exam 

65% 

23% 

./\P mathematics or science teachers 

33.000 

100.000 

Students per /\P teacher 

11.5 

15 


llie proposed .AP incentive program (APIP) has increased the number of students taking AP 
exams. To measure AP participation in a school, district, state or nation, we calculated the 
number of students taking AP exams per 1000 juniors and seniors. In 2005, the number of 
students taking AP exams in all math, science or engii.sh in the Dallas 10 districts was 2.3 limes 
that of the national level (see E.xhibit 2). 


' AP passing score IS 3-S; note that some colleges do not allow credit Tor APeoureework unless a score ^*5 is achieved IB scores on a 7-potnl 
scale. and5 or higha is cemadered passing. 

^ The College Board 

’Statistical Abstnet ofthe United States' 3004. 200S. T^c 303 
* The College Board 

F-l 
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Exhibit 2: Students taking AP Exams Per 1000’ Juniors and Seniors Enrolled 


Dallas 10 APIP schools 
Texas public schools 
US public schools 


325 students 
170 students 
1 39 students 


Teachers — AP-IB 

Tlie AP and Pre-AP programs as proposed would provide professional development for 150,000 
teachers now in the classroom to teach rigorous math and science courses in middle and high 
schools. Of these. 70.000 will teach Advanced Placement or International Baccalaureate courses 
in mathematics and science.^ In addition. 80.000 teachers in grades 6- 1 1 who are now in the 
classroom will receive training, teachers guides and assessments instruments, such as those 
available in the Laying the Foundation program, to prepare them to teach pre-AP mathematics 
and science courses that lead up to AP or IB courses. The proposed professional des elopment 
program for AP-IB teachers is 7 days a year for four years; for Laying the Foundation teachers it 
is 8 days a year for four years. 

Assuming 10 percent attrition among the current 33.000 AP mathematics and science teachers 
and by training an additional 70,000 teachers, public high schools would have an estimated 
100,000 mathematics and science teachers capable of teaching AP or IB courses in place by 
2010. This number is based on a realistic goal w ith the capacity to provide quality professional 
training for teachers on a large scale. .'Xs they become more productive and confident as teachers, 
they will recruit more students into demanding mathematics and science courses. We then 
realistically can e.xpect steady increases in the numbers of junior and senior students who will 
take .AP-IB mathematics and science exams to 1.5 million students by 2010, with increases well 
beyond 2010. 

Teachers — Pre AP-W 

'I1iis proposal will provide pre-AP math and science training in content and pedagogy for 80.000 
teachers who are currentU’ in grades 6-1 1 classrooms, flie 4-year training program includes 8 
days of training each year for four years and the classroom materials (vertically aligned 
curriculum, lesson plans, laboratory’ exercises and diagnostics) needed to teach the more 
demanding math and science courses. By 2010, these teachers will help an estimated 5 million 
students each year develop critical thinking and problem solving skills in order to enlarge the .AP 
pipeline in math and science. This represents an estimated 20®o of US students who w ill be 
enrolled in grades 6-11 in 2010 (sec Exhibit 3). 


^ “Per 1000“ is alculatcd on the best ovollmoit data avulable at thetme. 

* Including AP calculus, computer science, sttfistics. biology, chemistry, physics and environmental science. 
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Exhibit y. K-12 Students, Teachers, and Salaries’ 



# students | 

ft teachers 

Average salary 

ft science and math 
teachers 

K-5 

29.627.634 

1.781,900 

$46,408 


6.8 

350,70? 

(191 K in science. 

160K in mathematics) 

9-12 

18.504.864 

1,264,723 

S47.i:o ' 

High School Grads 
f2003-4) 

2,771,781 




Total (Fall 2003) 

48.132,518 

3,046.623 ! 

$46,752 

(1.700.600)’ 


NOTES: In 2003. there were 
revenue sources was $8,248 


15.397 US school 


districts and the average amount spent per K-1 2 student from all 


’ Unles otherwise noted figures, excerpts, and dials ire for the 2003>4 school year, as repotted b>' Kaltonal Education Assocnlion. 2005. 
Ranhngs and Saimai^s AUaMa. GA: NE A Rescardi. tvalabte M faaD:’'/Www J>ea-0ffc'c<t5» ac'im«yesi t>5fankiiigsjxtf - 
' For the 1999*2000 sdiool year. 

* From Glenn conunission report 2000. Includes ALL primary school teachers, as well as specialty teachers in middle and upper grades. 
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Rising Abo%e The Gathering Storm: 
Energizing and Employing America for a 
Brighter Economic Future 


Stalenient of 
Numian R. Augustine 

Retired C'haimian and Chief ICxecutive Officer 
LtH’kheed Martin ( urponition 
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Mr. Chairman and members of the Committee. 

Thank you for this opportunity to appear before you on behalf of the National 
.Academies' Committee on Prospering in the Cilobal Economy of the 21“ Century. .As 
you know, our effort was sponsored by tlie National .Academy of Sciences. National 
.Academy of Engineering and Institute of Medicine (colleetively known as the National 
.Academies). The National .Academies were chartered by Congress in 1863 to advise the 
government on matters of science and teclinologs'. 

llie study had as its origin a conversation which took place at the National 
.Academies w ith Senator Lamar .Ale.vander several months ago. .As a result of that 
discussion, the .Academies were requested by Senator .Alexander and Senator Jeff 
Bingaman. members of the Senate Committee on Energy and Natural Resources, to 
conduct an assessment of .America’s ability to compete and prosper in the 2l“ century 
and to propose appropriate actions to enhance the likelihood of success in that endeavor. 
This request was endorsed by the House Committee on Science. 

To respond to that request the .Academies assembled twenty individuals with 
diverse backgrounds, including university presidents. CEOs. Nobel Laureates and fomier 
presidential appointees. 'Ilic result of our committee's w ork w as examined by over forty 
highly qiialitled reviewers who were also designated by the .Academies. In undertaking 
oiu assignment w e considered the results of a number of prior studies which w ere 
conducted on varioas aspects of .America's future prosperity. We also gathered si.xty 
subject-matter experts w ith whom we consulted for a weekend here in Washington and 
who provided recommendations related to their fields of specialty. 

It is the unanimous view of our committee that .America today faces a serious and 
intensifying challenge w ith regard to its future competitiveness and standard of living. 
Further, we appear to be on a losing path. We are here today hoping both to elevate the 
nation's awareness of this developing situation and to propose constructive solutions. 

The thrust of our findings is straightforward. The standard of living of .Americans 
in the years ahead will depend to a very large degree on the quality of the jobs that they 
are able to hold. Without quality jobs our citizens w ill not have the purchasing pow er to 
support the standard of living which they seek, and to which many have become 
accustomed', tax revenues will not be generated to provide for strong national securitv' 
and healthcare; and the lack of a vibrant domestic consumer market w ill provide a 
disincentive for either LLS. or foreign companies to invest in jobs in .America 

What has brought about the current situation? Hie answer is that the prosperity 
equation has a new ingredient, an ingredient that some have referred to as "The IX-ath of 
Distance”. In the last century, breakthroughs in as iation created the opportunity to move 
people and goods rapidls and elficientls' over very great distances. Bill Gates has 
referred to aviation as the "World Wide Web of tlie twentieth century". In the earls part 
of the present century, we are approaching the point w here the communication, storage 
and processing of infonnation are nearly free, fliat is. we can now mo\ e not only 
physical items efficientls' over great distances, we can also transport information in large 
volumes and at little co.st. 

The consequences of tliese developments are profound. Soon, only tliose jobs that 
require near-phssical contact among the parties to a transaction will not be opened for 
competition from job seekers around the world. Further, with the end of the Cold War 
and the evaporation of many of the political barriers that previously existed tliroughout 
the world, nearly three billion new, highly motivated, ofien well educated, new capitalists 
entered the job market. 
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Suddenly, .Americans find themselves in competition for their jobs not just with 
their neighbors but with individuals around the world. The impact of this was initially 
felt in manufacturing, but soon extended to the development of software and the conduct 
of design activities. Next to be aftected were administrative and support ser\’ices. 

Today, ‘liigli end ' jobs, such as professional ser\ ices, research and management, are 
impacted. In short, few jobs seem “safe”: 

• U.S. companies each morning receive software that was written in India overnight 
in time to be tested in the U.S. and returned to India for further production that 
same evening making the 24-hour workday a practicality. 

• Back-offices of U.S. firms operate in such places as Costa Rica, Ireland and 
Switzerland. 

• Drawings for American architectural firms are produced in Brazil. 

• U.S. firm's call centers are based in India where employees are now being 
taught to speak with a mid-western accent. 

• U.S. hospitals have x-rays and C.AT scans read by radiologists in Australia and 
India. 

• At some McDonald's drive-in windows orders are transmitted to a processing 
center a thousand miles away (currently in the U.S.), where tliey are processed 
and returned to the worker who actually prepares the order. 

• .Accounting firms in the U.S. have clients tax returns prepared by e.xperts in India. 

• Visitors to an office not far from the White House are greeted by a receptionist on 
a fiat screen display who controls access to the building and arranges contacts 
she is in Pakistan. 

• Surgeons sit on the opposite side of the operating room and control robots which 
perform the procedures. It is not a huge leap of imagination to have highly- 
specialized. world-class surgeons located not just across the operating room but 
across the ocean. 

.As Tom Friedman concluded in The World is Flat, globalization has “accidentally 
made Beijing, Ikingalore and liethesda next door neiglibors”. .And the neigliborhood is 
one w herein candidates for many jobs w hich currently reside in the U.S. are now just a 
“mouse-click” away. 

How will .America compete in this rough and tumble global environment that is 
approaching faster than many had expected? The answ er appears to be, “not very 
w ell” — unless w e do a number of things differently from the way we have been doing 
them in the past. 

>\Tiy do we reach this conclusion? One need only e.xamine the principal 
ingredients of competitiveness to discern that not only is the world fiat, but in fact it may 
be tipping against us. 

One major element of competitiveness is, of course, the cost of labor. I recently 
traveled to Vietnam, where the wrap rate for low-skilled w orkers is about twenty-five 
cents per hour, about one-tw entieth of the U.S. minimum wage. .And the problem is not 
confined to the so-called “low er-end” of the emplovment spectrum. For example, five 
qualified chemists can be hired in India for the cost of just one in .America. Ciiven such 
enormous disadvantages in labor cost, we cannot be satisfied merely to match other 
economies in those other areas where w e do enjoy strength: rather we must excel . . . 
markedly. 
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Tlic existence of a vibrant domestic market for products and serv ices is another 
important factor in determining our nation's competitiveness, since such a market helps 
attract business to our shores. Hut here. too. there are wanting signs: Goldman Sachs 
anaivsts project that w ithin about a decade, fully 80"o of tlie world's middle-income 
consumers will live in nations outside the currently industrialized world. 

Tile availability of financial capital has in the past represented a significant 
competitive advantage for .America. But the mobilitv’ of financial capital is legion, as 
evidenced by the willingness of U.S. firms to move factories to Mexico. Vietnam and 
China if a competitive advantage can be derived by doing so. Capital, as we have 
observed, crosses geopolitical borders at the speed of light. 

Human capital — the quality of our work force — is a particularly important factor 
in our competitiveness. Our public school system comprises the foundation of this asset. 
But as it exists today, that system compares, in the aggregate, abysmally w ith tliose of 
other developed and even developing nations . . . p.articularly in the fields which 
underpin most innovation: science, mathematics and technology. 

Of tlie utmost importance to competitiveness is the availability of know ledge 
capital -"ideas”. .And once again, scientific research and engineering applications are 
crucial. But knowledge capital, like financial capital, is highly mobile. Tliere is one 
m.ijor difference: being first-to-market. by virtue of access to new know ledge, can be 
immenselv valuable, even if by only a few months. Craig Barrett, a member of our 
committee and Chainnan of Intel, points out that ninety percent of the products his 
company delivers on December 31® did not even exist on January I® of tliat same year. 
Such is the dependence of hi-tech firms on being at the leading edge of scientific and 
technological progress. 

nicre are of course many other factors influencing our nation's competitiveness, 
riiese include patent processes, tax policy and overhead costs such .^s healthcare, 
regulation and litigation all of which tend to work against us today. On the other hand. 
•America's version of the Free Enterprise System has proven to be a pow erful asset, w ith 
its inherent aggressiveness and discipline in introducing new ide.is and flushing out the 
obsolescent. But others have now recognized these virtues and are seeking to emulate 
our system. 

But is it not a good thing that others are prospering? Our committee's answ er to 
that question is a resounding “yes”. Broadly based prosperity can make the world more 
stable and safer for all; it can make less costly products available for .American 
consumers; it can provide new customers for tire prixlucts we produce here. Yet it is 
inevitable that there will be relative w inners and relative losers and as the world 
prospers, we should seek to assure that .America does not fall behind in the race. 

Hie enigma is that in spite of all these factors. .America seems to be doing quite 
well Just now . Our luation has the highest R&D ins estment intensity in the world. We 
ha\ e indisputably the finest research universities in the world. California alone has more 
venture capital than any nation in the world other than the I'nited States. Two million 
jobs were created in .America in the pxst year alone, and citizens of other natious continue 
to invest their savings in .America at a remarkahle rate. Total household net worth is now 
approaching $50 trillion. 

'Ilie reason for this prosperity is that we arc reaping the benefits of p.ist 
investments — many of them in the fields of science and technology. But the early 
indicators of future prosperity are generally heading in the wrong direction. Consider the 
following: 
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• For the cost of one engineer in the United States, a company can hire eleven in 
India. 

• .\mcrica has been depending heavily on forcign-l>om talent, niirty-cight percent 
of the scientists and engineers in .America holding doctorates were bom abroad. 
Yet. when asked in the spring of 2005, what are the most attraetix e places in the 
world in which to live, respondents in onlv one of the countries polled indicated 
the U.S.,A. 

• Chemical companies closed seventy facilities in the U.S. in 2004, and have tagged 
forty more for shutdown. Of 120 new chemical plants being built around the 
world w ith price tags of SI billion or more, one is in the LfS. Fifty are in China. 

• In 1997 China had fewer than lltty research centers managed by multinational 
corporations. By 2004 there were over six-hundred. 

• Two years from now, for the first time, the most capable higli-energy particle 
accelerator on earth w ill reside outside the United States. 

• nie United States today is a net importer of higli technology products. Ihe U.S. 
share of global high tech e.xports has fallen in the last two decades from 30“o to 
17“o. while .America’s trade balance in higli tech manufactured goods shifted 
from a positive S3.3B in 1990 to a negative S24B in 2004. 

• In a recent international test involving mathematical understanding. U.S. students 
finished in 27th place among the nations participating. 

• .About tw o-thirds of the students studying chemistrv' and physics in U.S. high 
schools are taught by teachers w ith no major or certificate in the subject. In the 
case of math taught in grades five through twelve, the fraction is one-half Many 
such students are being taught math by graduates in physical education. 

• In one recent period, low-wage employers like Wal-Mart (now the nation’s largest 
employer) and McDonald’s created 44®o of all new jobs. Iligli-wage employers 
created only 29® o. 

• In 2003 foreign students earned 59*^0 of the engineering doctorates aw arded in 
U.S. universities. 

• In 2003 only three .American companies ranked among the top ten recipients of 
patents granted by the U.S. Patent Office. 

• In Germany, 36® o of undergraduates receive tlieir degrees in science and 
engineering. In China, the corresponding figure is 59® o, and in Japan it is 66®o. 

In the U.S., the share is 32® o. In the case of engineering, the IIS. shiire is 5®o. as 
compared with 50®o in China. 

• Ihe Lhiited States is said to have over ten million illegal immigrants, but the 
number of legal visas set-aside anmuilly for 'highly qimlified foreign w orkers" 
w as recently dropped from 195,000 per year dow n to 65,000. 

• In 2001 (the most recent yeiu for which data arc available). IkS. industrv spent 
more on tort litigation and related costs than on research and development. 

As important as jobs are. the impact of these circuntstances on our nation’s 
.security could be even more profound. In the view of the bipiulisan Hart-Rudman 
Commission on National Security. “. . . the inadequacies of our system of research and 
education pose a greater threat to U.S. national security over the ne.xt quarter century than 
an\' potential conventional war that we might imagine.” 

The got>d news is that there are tilings we can do to assure that .America does in 
fact share in the prosperity that science and technology are bringing the world. In this 
regard, our committee has made four broad recommendations as the biisis of a prosperity 
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initiative- -and offers 20 specific actions to make these recommendations a reality. Iliey 
include: 

o “Ten ITiotLsand feachers. Ten Million Minds " — which addresses .America's K- 1 2 
education system. We recommend that .America’s talent pool in science, math and 
tcchnolog\’ be increased by vastly improving K-12 education. .Among the specific 
steps we propose are: 

■ Recruitment of 1 0,000 new science and math teachers each year through the 
aw ard of competitive scholarships in math, science and engineering that lead to a 
bachelor's degree accompanied by a teaching certificate — and a 5-year 
commitment to teach in a public school. 

• Strengthening the skills of 250.000 current teachers through funded training and 
education in part-time master’s programs, summer institutes and .Advanced 
Placement training programs. 

• Increasing the number of students who take .Advanced Placement science and 
mathematics courses. 

o “ Sowing the Seeds ’’ — which addresses .America’s research base. We recommend 
strengthening the nation’s traditional commitment to long-tenn basic research 
through: 

• Increasing federal investment in research by 10®6 per year over the next seven 
years, with primaiy attention devoted to the physieal seiences, engineering, 
mathematic's, and information sciences — without disinvesting in the health iuid 
biological sciences. 

• Providing research grants to early career researchers 

• Instituting a National Coordination Office for Research Infrastructure to oversee 
the investment of an additional S500M per year for five years for advanced 
research facilities and equipment. 

• .Allocating at least 8®o of the existing budgets of federal research agencies to 
discretionaiy funding under the control of local laboratoiy directors. 

• Creation of an .Advanced Research Projects .Agency — Energy (.ARP.A-E), 
modeled after D.ARPA in the Department of Defense, reporting to the Department 
of Emergy Undersecretaiy for Science. I'he purpose is to support the conduct of 
out-of-the-box, transfomiational. generic, energy research by universities, 
industry and government laboratories. 

• Establish a Presidential Innosation .Award to recognize and stimulate scientific 
and engineering advances in the national interest. 


o “ Pest and Drightesf ’ which addresses higher education. In this area we 

recommend: 

■ Establishing 25,000 competitive science, mathematics, engineering, and 

technology undergraduate scholarships and 5,000 graduate fellowships in areas of 
national need for US citizens pursuing study at US universities. 

• Providing a federal lax credit to employers to encourage their support of 
continuing education. 

• Providing a one-year automatic visa extension to international students who 
receive a science or engineering doctorate at a U.S. university, and providing 
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automatic work pemiits and expedited residence status if these students are 
olfered employment in the US. 

■ Instituting a skill-based, preferential immigration option 

• Reforming the ciurent system of “deemed exports” so that international students 
and researchers have access to necessary non-classificd information or research 
equipment while studying and working in the US. 

o • incentives for Innovation ” — in which we address the innovation environment itself 

We recommend: 

• linhancements to intellectual propertj protection, such as the adoption of a first- 
to-filc system. 

• Increasing the R&D tax credit from the current 20® b to 40® o, and making the 
credit permanent. 

• Providing permanent tax incentives for US-based innovation so that the United 
States is one of the most attractive places in the world for long-term innovation- 
related investments. 

■ Ensuring ubiquitous broadband Internet access to enable U.S. fmns and 
researchers to operate at the state of the art in this important technology. 

It should be noted that we are not confronting a so-called "t\ pical” crisis, in the 
sense that there is no 9 1 1, Sputnik or Pearl Harbor to alert us as a nation. Our situation 
is more akin to that of the proverbial frog being slowly boiled. Nonetheless, while our 
committee believes the problem we coniront is both real and serious, the good news is 
that we may well have time to do something about it —if we start now. 

.•\mericans. with only 5®o of the world's population but with nearly 30®o of the 
world's wealth, tend to believe that scientific and technological leadership and the high 
standard of living it underpins is somehow the natural state of al'fairs. But such good 
fortune is not a birtliriglit. If we w ish our children and grandchildren to enjoy the 
standard of living most .Americans have come to expect, there is only one answer: We 
must get out and compete. 

I would like to close my remarks w ith a perceptive and very releviuit poem. It 
was written by Richard Hodgetts. and eloquently summarizes the essence of innovation 
in the highly competitive, global enviroiunent. 'fhe poem goes as follows: 

Every morning in Africa a gazelle wakes up. 

Il knows it must outrun the fastest lion or it 
will be killed. 

Every morning in Africa a lion wakes up. 

It knows it must outrun the slowest gazelle 
or it will starve. 

It doesn 't matter whether you 're a lion or a 
gazelle - when the sun comes up. you 'd 
better be running. 


.And indeed we should. 

Tliank you for providing me w ith this opportunity to testify before the committee. I 
would be pleased to answer any questions you have about the report 
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